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by  Alfred  H.  Bbook^i 


The  part  of  Alaska  north  of  the  Arctic  Circle,  mclu<lii]g  af>out 
150,000  square  miles,  or  25  per  cent  of  the  total  area  of  the  Territory, 
IS  retatiydy  little  known.  Its  shore  line,  however,  has  been  explored 
by  various  navigators.  The  first  of  these  was  Capt.  Cook,  who  in 
1778  skirted  the  western  coast  as  far  north  as  Icy  Cape,  where  farther 
progress  was  blocked  by  the  ice  pack.  In  the  succeeding  half  cen- 
tury practically  the  entire  Arctic  coast  line  from  Bering  Straits 
northward  and  eastward  to  the  international  boundary  was  exam- 
ined in  some  detail  by  navigators  of  various  nationalities,  chiefly 
English,  but  knowledge  of  the  inland  regions  was  limited  to  that 
gained  by  short  journeys  up  the  lower  courses  of  some  of  the  larger 
rivers.  Much  of  this  information  was  obtained  only  incidentally 
by  expeditions  whose  object  was  to  reach  the  pole  or  by  those  sent 
out  as  relief  expeditions.  Thus,  Sir  John  Franklin  explored  a  part 
of  the  northern  coast  line  in  1826,  and  the  many  Franklin  relief 
expeditions  contributed  much  toward  making  the  shore  line  known. 
A  generation  later  public  interest  was  again  aroused  in  this  part  of 
the  polar  sea  by  the  ill-fated  Jea/MMtU  expedition.  This  led  to 
explorations  into  the  Kobuk  Valley  and  adjacent  region  under  naval 
auspices  (see  pp.  12-14),  which  included  a  journey  to  Point  Barrow 
by  way  of  the  upper  Noatak  and  Colville  River  basins.  About  the 
same  time  the  Revenue  Cutter  Service  made  some  important  explor- 
ations in  the  same  field.  (See  pp.  13-14.)  The  eastern  maigin  of  the 
area  was  traversed  in  1890  by  J.  H.  Turner,  of  the  Coast  Survey, 
preliminary  to  the  location  of  the  international  boundary. 

The  part  of  northern  Alaska  south  of  the  Arctic  Ocean-Tukon 
divide  has  been  explored  by  prospectors,  by  Henry  T.  Allen  of  the 
United  States  Army,  and  later  by  several  parties  from  the  Geological 
Survey.  The  Cape  lisbume  region  has  also  been  explored  by  the 
Qeological  Survey.  In  1901  Schrader  and  Peters  (see  p.  18)  carried 
the  first  instrumental  survey  across  northern  Alaska  from  the  Yukon 
basin  to  the  Arctic  Ocean  at  the  mouth  of  Colville  River,  while 
Mendenhall  and  Reabum  (see  pp.  15  and  18)  made  a  similar  survey 
to  Kot^bue  Sound,  at  the  mouth  of  the  Kobuk.  This  work  was 
far  more  important  than  any  previously  done,  because  it  included 
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both  accurate  topographic  surveys  and  systematic  geologic  observa- 
tions. In  facty  the  reports  based  on  these  explorations  furnished 
the  first  clue  to  the  geography  and  geology  of  the  part  of  Alaska 
north  of  the  Yukon  basin. 

For  eight  years  after  these  explorations  the  Oeological  Survey- 
was  too  busily  ^engaged  in  surveying  regions  of  greater  mineral 
promise  to  continue  work  in  northern  Alaska,  but  it  resumed  that 
work  in  1910  and  continued  it  in  1911.  The  surveys  of  1911  included 
an  exploration  of  the  Noatak  Valley,  much  of  which  was  previously 
almost  unknown.    The  results  of  these  surveys  are  here  set  forth. 

This  bulletin,  then,  contains  the  first  account  of  the  geology  and 
resources  of  Noatak  River,  which  is  among  the  laigest  streams  of 
Alaska.  The  rocks  of  the  rcf^on  have  been  subdivided  into  several 
groups  and  formations,  and  these  have  been  at  least  provisionally 
correlated  with  the  cartographic  units  used  in  mapping  adjacent  areas. 
This  stratigraphic  subdivision  is  remarkably  detailed,  considering 
the  very  hurried  character  of  the  field  investigations.  Some  valu- 
able data  have  also  been  obtained  on  the  extent  of  existing  glaciers 
and  of  the  former  period  of  glaciation.  Data  were  also  obtained 
bearing  on  the  occurrence  of  placer  gold  and  other  mineral  deposits. 

The  brief  outline  given  of  the  scientific  exploration  of  northern 
Alaska  shows  that,  although  much  has  been  accomplished,  much 
r^ains  to  be  done.  Plans  formulated  for  further  work  in  this  field 
are  already  in  part  in  execution.  In  1911  and  1912  A.  6.  Maddren 
carried  geologic  surveys  from  Porcupine  River  northward  to  the 
Arctic  Ocean,  in  cooperation  with  the  International  Boundary 
Survey.  It  has  also  been  planned  to  make  a  survey  from  the  head 
of  Alatna  River  across  the  upper  Colville  basin  and  down  Chipp 
River  to  the  polar  sea.  This  plan  was  to  have  been  carried  out  in 
1912,  but  unfortunately  the  appropriation  for  the  Alaska  surveys 
was  not  made  in  time  to  permit  it. 

Mention  should  also  be  made  of  the  investigations  of  this  region 
by  E.  de  K.  Lefl&ngwell,  now  being  carried  on  under  private  auspices. 
Lefiingwell  has  spent  seven  years  in  the  exploration  of  the  region 
tributary  to  the  Arctic  coast  east  of  Colville  River.  His  results  will 
be  of  great  value,  as  they  should  make  it  possible  to  establish  cor- 
relations between  the  work  of  Maddren  along  the  boundary  and 
that  of  Schrader  and  others  who  have  explored  the  region  farther 
west. 

When  the  results  of  all  these  surveys  are  available  northern  Alaska 
will  no  longer  be  an  unknown  land.  It  should  then  be  possible  to 
express  its  geologic  features  fairly  definitely,  at  least  in  terms  of  its 
larger  stratigraphic  units.  All  this  will  have  an  important  bearing 
on  the  larger  problems  relating  to  the  geology  of  the  North  American 
'  intinent. 
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THE  NOATAK-KOBUK  REGION,  ALMi; 


By  Philip  S.  Smith. 


INTRODUCTION. 

SCOPE  OF  BBPOBT. 

Inyestigations  by  the  United  States  Geological  Survey  have  closely 
foQowed  the  pioneer's  search  for  deposits  of  valuable  minerals  in 
Alaska.  In  accordance  with  this  practice,  expeditions  have  visited 
parts  of  northwestern  Alaska  where  mining  has  been  in  progress  or 
where  there  was  probability  of  mining  in  the  future,  and  a  series  of 
reports  has  been  published  setting  forth  both  the  geologic  and  the 
geographic  results  obtained.  The  present  paper  is  one  of  this  series 
and  aims  to  describe  the  main  features  of  the  Noatak-Kobuk  region. 
The  area  included  in  this  indefinite  tract  is  shown  on  Plate  I.  It  is 
not  proposed,  however,  to  describe  all  the  region  mapped,  but  rather 
to  give  attention  only  to  the  Eobuk  and  Noatak  basins  and  the 
immediately  contiguous  territory.  Therefore  the  Koyukuk  and  its 
tributaries,  except  Alatna  River,  will  in  the  main  be  excluded, 
together  with  the  Selawik  River  basin  and  Seward  Peninsula. 
Though  reference  is  made  to  these  places,  they  are  not  part  of  the 
area  considered  in  this  bulletin.  Reports  on  certain  of  these  other 
areas  have  already  been  published  and  are  available.^ 

The  present  report  treats  mainly  of  the  economic  geology  and  the 
geographic  features  that  have  important  control  of  the  development 
of  the  mining  industry.  The  statements  are  based  on  investigations 
made  by  the  writer  in  the  field  seasons  of  1910  and  1911,  during 
which  the  Kobuk  Valley  was  traversed  from  upper  Reed  River  to  its 
mouth,  the  Alatna  was  ascended  nearly  to  its  head,  and  the  Noatak 
was  descended  for  its  entire  length.  In  the  Kobuk  region  the  early 
work  of  W.  C.  Mendenhall  left  a  record  of  observations  that  would  not 
require  restatement  except  for  the  fact  that  the  edition  of  his  report 

ilfoffit,  F.  H.,  The  Fairhaven  gold  plaoen,  Seward  Peninsals,  Alaska:  Bun.  U.  8.  Qeol.  Surrey  No. 
347, 1906. 

Collier,  A.  J.,  and  others.  The  gold  placers  of  parts  of  Seward  Peninsula,  Alaska,  including  the  Nome, 
Council,  Kougarok,  Port  Clannoe,  and  Ooodhope  precincts:  Bull.  U.  8.  Qeol.  Surrey  No.  328, 1906. 

Haddran,  A.  C,  The  Koyakuk-Chandalar  eold  ragion:  Bull.  U.  8.  Qeol.  Surrey  No.  442, 1910,  p.  384. 

Smith,  P.  8.,  and  Ealdn,  H.  M.,  A  geok)gio  reoonnaissanoe  in  southeastern  Seward  Peninsula  and  tbe 
Norton  Bay-Nulato  region,  Alaska:  Bull.  U.  B.  OeoL  Surrey  No.  449, 1911. 
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has  been  ezhausted^.«i<f*js  therefore  no  longer  available.  In  large 
measure,  theref  or«j;jftd'parts  dealing  with  the  Kobuk  have  been  based 
on  the  obsf  rva^ciQ&  of  Mendenhall,  supplemented  or  modified  by  the 
later  wotjl.  \ 


•  •  • 


.It'^tild  be  impossible  to  acknowledge  individually  the  aid  of  all 
^  /tliDkie  who  have  furnished  information  for  this  report  or  who  have 
..:  "otherwise  assisted  in  its  preparation,  either  in  the  field  or  in  the 
'  office.  « 

To  the  prospectors  throughout  the  region  thanks  are  due  for 
iinfRiling  courtesy  and  assistance.  This  was  especially  true  in  the 
placer  camps  on  the  Kobuk,  where  the  services  of  Commissioner 
M.  J.  Moran,  Michael  Tuohey,  Frank  Knight,  Asa  Wilcox,  and  many 
others  have  added  greatly  to  the  writer's  knowledge  and  personal 
comfort.  On  the  upper  part  of  Alatna  River,  Joseph  Demandel  and 
L.  B.  Caasel  materially  assisted  the  expedition  of  1911  by  transporting 
supplies  in  their  poling  boat  and  by  helping  in  the  back  packing 
across  the  Alatna-Noatak  portage.  Assistance  in  the  latter  work 
was  also  afforded  by  Isaac  Spinks,  Boy  King,  and  William  McCar- 
mant. 

The  pioneer  work  of  W.  C.  Mendenhall  and  his  party  from  the 
Geological  Survey  has  been  of  incalculable  aid  in  formulating  plans 
and  interpreting  observations,  and  sincere  appreciation  of  this  help 
is  expressed.  Although  it  has  been  intended  to  credit  to  him  the 
various  passages  in  the  following  pages  actually  derived  from  his 
published  reports,  it  has  not  everywhere  been  possible  to  do  so  con- 
sistently and  his  influence  has  been  much  greater  than  is  indicated 
by  the  specific  references. 

To  the  members  of  the  Survey  who  have  served  with  the  writer 
in  the  field  or  in  the  office  hearty  acknowledgments  are  due.  H.  M. 
Eakin,  of  the  party  of  1910,  completed  a  very  creditable  topographic 
map  of  the  region  between  the  Koyukuk  and  Kobuk  and  did  prac- 
tically all  the  petrographic  woriL  in  the  office,  besides  supplementing 
the  writer's  geologic  observations.  Special  credit  is  due  C.  £.  Giffin, 
topographer,  of  the  expedition  of  1911,  whose  energy  and  resourceful- 
ness carried  along  mapping  rapidly  without  sacrificing  accuracy. 
Deep  obligations  are  also  expressed  to  Messrs.  E.  O.  Swedberg,  T.  A. 
Saling,  H.  M.  Saling,  and  J.  C.  Doyle,  temporary  employees  through- 
out the  field  season,  who  with  unfailing  cheerfulness  and  effectiveness 
contributed  largely  to  the  completion  of  the  work  undertaken.  The 
microscopic  examinations  of  the  rock  specimens  collected  by  this 
expedition  were  made  by  J.  B.  Mertie,  and  the  paleontologic  deter- 
minations by  T.  W.  Stanton,  Geoi^  EL  Girty,  and  E.  M.  Kindle,  of 
the  Survey. 
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EARLY  EXFSDITIONS. 

The  earlieat  explorations  of  the  area  were  made  in  the  more  accee- 
sible  coast  reg;ion9.  By  the  close  of  tbe  first  quarter  of  the  nineteenth 
century  various  naval  expeditions  had  charted  the  shore  line,  so  that 
subsequent  surye3m  have  added  little  more  than  details.  Lieut. 
Yon  Kotzebue,^  in  search  for  oceanic  connection  eastward  to  the 
Atlantic,  in  August,  1816,  discovered  the  sound  that  bears  his  name. 
Many  topographic  features  escaped  his  notice  or  were  so  crudely 
fetched  that  it  remained  for  Capt.  Beechey  in  1826  to  make  a  more 
accurate  map.  Considering  the  conditions  under  which  this  work 
was  done  the  chart  by  Beechey  is  remarkable  and  has  been  the  base 
from  which  aU  subsequent  maps  of  this  coast  have  been  made.  Not 
only  were  portions  of  the  shore  line  surveyed,  but  in  addition  Hotham 
Inlet  was  discovered  and  some  of  the  higher  points  inland  were 
located,  many  of  the  .present  names  being  given  by  members  of  this 
expedition.  A  large  river  or  narrow  bay  was  indicated  at  the  place 
where  the  Kobuk  enters  Hotham  Inlet,  but  no  mention  was  made  of 
this  river  or  of  the  Noatak.* 

Daring  the  search  for  Sir  John  Franklin  many  ships  visited  parts 
of  northwestern  Alaska  and  the  reports  of  their  investigations '  a£Pord 
some  information  about  the  region.  Probably  the  most  important 
contributions  to  the  accurate  knowledge  of  the  region  here  considered 
were  made  by  John  Simpson,  sui^eon  of  the  Plover.  In  the  winter 
of  1849-60  he  visited  Hotham  Inlet  and  vicinity,  and  his  account  of 
the  region  contains  the  first  mention  of  Kobuk  or,  as  he  called  it, 
Kowuk  River.^  He  measured  the  width  of  the  main  channel,  traced 
the  course  for  many  miles  by  the  ''pines"  (spruce),  and  learned  of  a 
village  seven  days'  journey  upstream.  The  first  map  indicating  the 
presence  of  a  lai^e  river  in  approximately  the  position  of  the  Noatak 
was  also  made  by  Simpson.  During  the  winters  of  1852  and  1853 
he  lived  at  Point  Barrow  and  gathered  from  the  natives  much  infor- 
mation which  he  assembled  and  published.^  Although  of  interest, 
his  mi^>  serves  little  more  tiian  to  suggest  the  larger  drainage  features. 
On  this  map  the  Noatak  is  called  Nunalak  or  Inland  River,  and  the 
Kobuk  is  Kowuk.    Only  the  lower  part  of  these  rivers  is  mapped, 

>  KoCnbue,  Lieat.  Otto  von,  Voyage  of  discovery  into  tbe  South  Sea  and  Bering  Straits,  18Uh1818. 

*  Beediej,  Cq;>t.  F.  W.,  Narrative  of  a  voyage  tottae  Paoiflc  and  Beering's  Strait. 

*  Kflllatt.  Cflpk,  NarratlvB  of  prooeedinp  of  H.  M.  B.  BtnUt  and  Piover:  Qraat  Britain  Parliamantary 
Papen,  aessions  of  18S4^S6,  voL  35. 

*  SlBpaon,  Jolm,  Journal  of  7olm  SfrnpsoD,  in  oonmiand  of  a  detached  party  to  the  eastern  head  of  Hot- 
ham Inlet  in  Kay,  USO:  Graat  Britain  Parliamentary  Papers,  session  of  Febniary  8  to  Jnly  1, 1852,  vol  50. 

*  SimpaoD,  John,  Observstions  on  the  western  Eskimo  and  the  country  they  inhabit:  Oreat  Britain 

I  of  1864-65,  VOL  85, 1865. 
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but  tliey  are  indicated,  ''on  native  authority/'  as  extending  far 
inland. 

A  good  idea  of  the  state  of  geographic  knowledge  of  this  part  of 
Alaska  as  late  as  1869  is  afforded  by  the  map  prepared  by  Dall  and 
published  in  that  year.  This  map  was  compiled  from  all  author- 
itative sources,  including  Dall's  own  observations  while  attached  to 
the  Western  Union  Telegraph  Expedition.  On  this  map  the  Koy- 
ukuk  is  shown  as  extending  only  75  miles  from  the  Yukon  (measured 
along  the  stream),  whereas  steamboats  now  ascend  the  river  for  over 
500  miles  and  the  headwaters  are  a  hundred  or  more  miles  farther. 
The  lower  parts  of  the  Eobuk  and  Noatak  (called  the  Inland)  rivers 
are  shown,  but  they  are  described^  as  ''small  unexplored  streams. 
They  are  prolonged  far  into  the  interior  to  fill  up  the  unexplored 
spaces  on  most  maps."  No  disparagement  is  intended  by  this  quo- 
tation from  Dall,  but  it  shows  tiie  lack  of  knowledge  of  most  of  the 
interior  region  covered  by  this  report  at  the  time  his  authoritative 
article  on  Alaska  was  prepared. 

KOBUE  BAsm. 

Little  additional  information  was  acquired  during  the  next  10  to  15 
years,  but  in  1883  interest  in  the  exploration  of  the  region  was 
renewed.  In  describing  these  later  explorations  it  has  proved  desir- 
able to  separate  the  work  on  the  Eobuk,  Noatak,  and  Eoyukuk  and 
to  treat  each  basin  in  a  measure  by  itself. 

Lieut.  6.  M.  Stoney  appears  to  have  been  the  first  white  man  to  go 
any  distance  up  the  Eobuk.  In  1883,  with  one  other  white  man  and 
two  natives,  he  spent  eight  days  going  upstream  as  far  as  Squirrel 
River.  After  having  spent  about  15  days  in  the  country  he  returned 
to  the  States.  The  interest  aroused  by  his  short  expedition  encour- 
aged him  to  undertake  further  exploration  of  ihe  river.  He  was 
successful  in  getting  orders  from  the  Navy  Department  to  investigate 
the  Eobuk  and  was  authorized  to  take  the  schooner  OundUiaka,  of 
49  tons,  and  a  steam  cutter,  his  party  including  three  petty  ofiicers 
and  eight  men.  After  difficulties  witli  ice  he  reached  Hotham  Inlet 
on  July  10, 1884.  On  July  19,  with  three  white  men  and  five  natives, 
Stoney  started  up  the  river  in  the  steam  cutter  or  launch  towing  a 
skin  boat  and  dinghy.  After  a  journey  estbnated  at  about  275  miles 
the  party  had  to  leave  the  launch  and  proceed  in  the  skin  boat.  In 
tliis  manner  the  party  went  for  five  days  farther  upstream  and 
reached  the  tributary  flowing  from  Lake  Selby.  It  is  not  possible 
to  state  exactly  what  was  accomplished  on  this  trip,  as  no  report  of 
the  expedition  was  made  and  the  results  were  combuxed  with  later 
surveys. 

>  Dall,  W.  H.,  Alaska  and  Its  nsouroes,  p.  286. 
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During  1884  anoUier  expedition,  under  the  leadership  of  lieut.  J.  C. 
Cantwell,  of  the  Revenue^tter  Service,  visited  the  Eobuk.  On 
this  trip  Lieut.  Cantwell  and  Second  Asst.  Engineer  S.  B.  McLenegan, 
with  three  other  white  men  and  one  native,  started  up  the  river  on 
July  8  in  a  steam  launch.  Difficulty  with  the  launch  forced  them  to 
leave  it  behind  and  continue  in  a  skm  boat.  In  thb  way  they  nearly 
reached  the  mouth  of  Pah  River  where,  as  supplies  were  nearing 
exhaustion,  they  turned  back  on  July  29  and  arrived  at  Hotham 
Inlet  on  August  7,  passing  Stoney  upward  bound  on  July  31.  As  a 
result  of  this  expedition  a  report  in  the  form  of  a  journal  was  pre- 
pared by  Cantwell,  with  notes  by  McLenegan  on  the  resources  and 
natural  history,  indudiog  ornithology.  These  observations  gave  a 
fairly  complete  account  of  the  country  near  the  river.  Unfortunately, 
however,  the  report^  included  no  map,  and  delay  in  publication 
prevented  its  appearance  until  1889,  two  years  after  the  report  on 
the  succeeding  year's  exploration  was  published. 

In  1885,  again  under  orders  from  the  Navy  Department,  Lieut. 
Stoney,  with  5  officers  and  12  men  in  the  390-ton  schooner  Viking f  a 
stem-wheel  steamboat,  the  Explorer^  and  a  steam  cutter,  the  Helena^ 
was  detailed  to  explore  the  region.  The  object  was  to  establish 
winter  quarters  and  to  make  surveys  of  the  surrounding  country. 
The  party  reached  Hotham  Inlet  on  July  9  and  started  up  the  river 
on  the  17th.  The  outfit  was  moved  by  short  stages  to  a  point  now 
called  Cosmos  Creek,  where  cabins  were  erected,  the  settlement  being 
called  Fort  Cosmos.  After  the  last  of  the  supplies  had  reached  this 
place — ^August  17 — the  party  spent  the  next  three  months  in  pre- 
paring for  the  winter. 

During  the  winter  of  1885-86  seven  exploring  parties  were  sent  out 
to  reconnoiter  different  parts  of  the  Kobuk  and  adjacent  r^ions. 
These,  in  chronologic  order,  were  as  follows: 

December  1, 1885,  Stoney  left  for  the  Noatak  by  way  of  the  Ambler; 
returning  he  arrived  at  Fort  Cosmos  December  18.  On  December 
6  F.  S.  Nash,  surgeon,  left  for  the  Yukon,  but  returned  before  com- 
pleting his  mission,  reaching  Fort  Cosmos  December  12.  December 
26  A.  V.  Zane,  past  assistant  engineer,  left  for  St.  !Michael  by  way  of 
Pah  and  Koyukuk  rivers;  returning  from  St.  Michael  he  arrived  at* 
lus  starting  point  February  25,  1886.  December  29  Stoney  left  for 
a  trip  into  the  Selawik  basin  across  the  low  hiUs  south  of  the  Eobuk, 
getting  back  January  7,  1886.  February  28  Stoney  went  up  the 
Kobuk,  crossed  to  the  Alatna  and  thence  to  the  ColvUle,  and  retum- 
ii^  reached  Fort  Cosmos  April  6.  March  10  Ensign  M.  L.  Reed  went 
to  the  hot  springs  on  Reed  River  and  returned,  reaching  the  fort  April  2 . 

>  Omtwell,  J.  C,  Report  of  the  cruise  of  the  reveaue  steamer  Corwin  In  the  Arctic  Ocean  in  1884,  Wash- 
inSton,1880,pp.4»-iaB. 
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April  12  Ensign  (now  Capt.)  W.  L.  Howard  went  by  way  of  the  Am- 
bler to  the  Noatak,  thence  to  the  headwaters  of  the  Colville,  down 
this  stream  to  a  porti^  to  the  Chipp,  and  thence  to  Point  Barrow, 
where  he  took  passage  on  a  revenue  cutter  to  the  States. 

As  a  result  of  these  expeditions  information  about  a  large  territory 
was  obtained,  but  nearly  15  years  elapsed  before  it  was  published^ 
and  it  then  appeared  in  a  form  so  condensed  that  many  facts  were 
omitted,  many  discrepancies  occurred  between  the  text  and  map,  and 
other  inaccuracies  were  allowed  to  creep  in>  Although  it  is  always 
difficult  to  estimate  fairly  the  accomplishments  of  an  explorer  it 
seems  that  considering  the  time  sp^it  in  the  r^on  the  results  obtained 
by  this  expedition  were  not  so  full  as  they  should  have  been.  Never- 
theless, the  general  knowledge  of  this  part  of  Alaska  was  much 
increased,  and  an  approximate  idea  of  the  topography  was  obtained 
that  has  been  of  great  service  in  planning  subsequent  surveys. 

In  1885  Cantwell  also  made  another  trip  to  the  Kobuk.  On  this 
expedition  he  started  from  the  mouth  of  the  river  July  2  in  a  steam 
launch,  the  Pioneer ^  and  reached  a  point  near  the  stream  flowing  from 
Lake  Selby,  where  the  launch  was  abandoned  and  the  journey  was 
continued  in  a  skin  boat.  From  July  12  the  party  traveled  upstream 
until,  on  the  21st,  it  reached  Walker  Lake,  or  Carloogahlooktak. 
After  making  a  crude  survey  of  the  lake  and  the  upper  part  of  the 
Kobuk  Cantwell  turned  back,  reaching  Hotham  Inlet  August  22. 
During  this  trip  notes  were  made  of  the  ice  clifib  below  the  Ambler, 
the  Jade  Mountains,  and  other  facts  of  interest.  C.  H.  Townsend, 
an  assistant  in  the  United  States  Fish  Commission,  was  attached  to 
the  party  and  collected  much  information  about  the  birds  and  fishes. 
The  report '  was  published  in  1887,  thus  being  available  two  years 
before  the  report  of  the  Cantwell  expedition  of  1884,  which  did  not 
appear  until  1889,  and  13  years  before  the  publication  of  Stoney's 
observations. 

The  map  prepared  by  Cantwell  was  published  on  a  scale  of  about 
10  miles  to  the  inch.  The  general  geographic  position  of  the  Kobuk, 
or  Koowak  as  it  is  called,  is  good,  but  the  form  of  the  river  is  unrecog- 
nizable. The  topography  away  from  the  river  is  inadequately  shown, 
as  isolated  conventionalized  hachures  are  used.  The  main  contri- 
bution is  the  recognition  of  a  large  river  extending  roughly  along  the 
sixty-seventh  parallel  from  longitude  164®  W.  to  Hotham  Inlet.  The 
text  on  the  whole  is  better  than  the  map,  but  its  use  is  in  lai^e  measure 
dependent  on  personal  familiarity  with  the  region  and  much  space  is 
taken  up  with  details  of  no  permanent  value. 

The  discovery  of  gold  in  Alaska  was  followed  by  an  influx  of  pros- 
pectors.   Although  many  of  these  men  doubtless  ventured  into  the 

*  Stoaey,  O.  M.,  Naval  explorations  in  Alaska,  Annapolis,  1900. 

*  CantweU,  J.  C,  Report  of  the  cruise  of  the  revenue-marine  steamer  C^rwin  in  the  Arctic  Ooean  in  the 
jear  1886«  Washington,  1887,  pp.  21-63,  maps  aad  iUustratioos. 
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unknown  territory,  the  information  they  obtained  has  not  been  made 
available  for  others.  A  few  prospectors'  accounts  have  been  pub- 
lished— for  example,  Jos^h  Grinnell's  experiences  in  the  Kobuk  in 
1898 — and  afford  an  interesting  record  of  the  early  conditions.^ 

Hie  first  Geological  Survey  eiqpedition  to  the  Kobuk  was  sent  out 
in  1901  in  charge  of  W.  C.  Mendenhall,  geologist,  with  D.  L.  Beabum, 
topographer,  and  five  camp  hands.  The  party  started  at  Fort  Hamlin 
on  the  Yukon,  ascended  DaU  River  in  canoes,  portaged  to  Kanuti 
River,  a  tributary  of  the  Kojrukuk,  descended  that  stream  and  went 
up  the  Alatna  for  80  miles  to  Helpmejack  Creek,  which  heads  in  a 
low  saddle  leading  to  the  Kobuk.  This  pass  was  reached  July  30  and 
the  portage  to  the  Kobuk  was  completed  by  August  8.  The  party 
them  descended  the  Kobuk,  arriving  at  Hotham  Inlet  September  3.    \ 

The  report  on  this  expedition,  published  in  1902,  gives  an  accurate 
and  systematic  description  of  the  region  traversed  and  has  been  the 
source  of  much  material  contained  in  the  present  report.  The  topo- 
graphic map  prepared  by  Reabum  has  been  of  special  assistance  and 
is  the  base  used  for  the  Kobuk  Valley  in  Plate  I.  Although  some 
corrections  and  differences  in  interpretation  have  arisen  in  the  course 
of  fuller  investigations,  the  broader  problems  were  recognized  and 
stated  by  Mendenhall,'  whose  work  has  been  of  great  service  to  those 
interested  in  this  part  of  Alaska.  As  fuller  reference  is  made  to  this 
report  farther  on,  a  more  complete  review  at  this  place  is  unnecessary. 

In  1910  the  writer,  accompanied  by  H.  M.  Eakin  and  two  camp 
hands,  with  a  six-horse  pack  train,  left  the  Koyukuk  near  the  mouth 
of  the  Hogatza  on  June  22  and  traversed  the  mountains  between 
the  Koyukuk  and  the  Kobuk.  The  Kobuk  was  crossed  below  the 
mouth  of  Beaver  River  and  a  few  days  were  spent  surveying  the 
region  adjacent  to  Beaver  and  Reed  Rivers.  The  party  then 
traveled  along  the  northern  margin  of  the  lowland  of  the  Kobuk, 
reaching  Shungnak  July  22.  A  delay  of  several  days  awaiting 
supplies  allowed  investigation  of  the  geology  in  the  neighborhood. 
On  August  10  the  party  started  down  the  Kobuk  in  a  skiff  and 
reached  Kotzebue,  where  work  for  the  season  stopped  on  August 
20.  During  this  trip  a  visit  wftB  made  to  the  newly  discovered 
placers  of  Squirrel  River,  in  the  lower  part  of  the  Kobuk  basin.  A 
result  of  this  expedition  is  a  topographic  map,  on  a  field  scale  of 
about  3  miles  to  the  iach,  prepared  by  Mr.  Eakin,  showing  2,000 
square  miles  of  previously  unsurveyed  country.  Some  of  the  obser- 
vations made  on  this  trip  have  already  been  published '  but  others 
appear  for  the  first  time  in  the  present  report. 

t  Ortonen,  Joseph,  Gold  huntiiig  in  Ali^ka,  edited  by  EUfabeth  OrlniMll,  Chicago,  1901. 

I  ifanAiTTHt",  W.  C,  ReoHUMinMioe  tram  Fort  HamUn  to  Kotnboe  Sound,  Alaska:  Prof.  Paper  U.  8. 
GeoL  Survey  No.  10, 1903, 08  pp.,  WMps  and  iUustrations. 

'Smith,  P.  8.,  and  Eakin,  H.  M.,  The  «ii««gnftV  region,  Kobuk  Valley:  BulL  U.  8.  OeoL  Sury^iy  No. 
480, 1911,  pp.  2n-<306.    Smith,  P.  S.,  The  Squirrel  River  plaoers:  Idem,  i^  30^^19. 
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NOATAK    BASIN. 

After  the  early  discoveries  noted  on  page  11  the  Noatak  was  not 
visited  until  1885,  when  S.  B.  McLfenegan,  of  the  revenue-marine 
steamer  Ccrwin,  was  detailed  to  explore  the  river.  He  was  the 
first  and  only  white  man  who  traversed  any  considerable  length  of 
this  river  and  left  a  permanent  record  of  his  trip  prior  to  the  Sur- 
vey expedition  of  1911.  With  only  one  companion,  a  seaman  named 
Nelson,  he  started  up  the  river  July  2,  1885,  in  a  27-foot  bidarka. 
By  hard  work  they  reached  a  point  that  they  considered  the  head 
of  canoe  navigation  on  August  1,  and  after  a  dajr^s  rest  they  turned 
back  and  reached  the  mission  at  Kotzebue  in  eight  days.  A  re]K>rt 
of  this  trip  was  published  in  1887  and  has  been  practically  the  only 
source  of  information  about  the  river.  Although  the  point  reached 
by  McLenegan^  was  nearly  75  miles  in  an  air  line,  or  about  150 
miles  by  river,  below  the  real  head  of  canoe  navigation  and  was 
platted  about  60  miles  too  far  east,  the  general  mapped  form  of  the 
river  was  excellent.  He  spent  so  much  time  in  forcing  his  way 
upstream  that  he  made  but  few  observations  exc^t  along  the 
immediate  route.  Although  regret  is  felt  that  McLenegan  did  not 
obtain  more  data,  credit  must  be  given  him  for  a  good  piece  of  work 
as  far  as  he  W)Bnt,  and  his  oversights  are  perhaps  attributable  to  the 

,  bad  weather  he  experienced  throughout  most  of  his  trip. 

The  expeditions  of  Stoney  and  members  of  his  party  in  the  winter 
of  1885-86,  as  already  stated  on  pages  13-14,  explored  parts  of  the 
upper  Noatak  Valley  and  gave  the  only  available  information  about 
this  region.     Details  were  meager,  and  the  delay  in  publication  of  the 

*  results  and  the  incorporation  of  surveys  by  other  expeditions  make 
it  impossible  to  determine  satisfactorily  the  parts  actually  contrib- 
uted by  the  Stoney  party.  It  is  stated  that  in  the  summer  of  1886, 
on  **July  12,  Ensign  Reed  and  party  were  sent  to  complete  the  work 
in  the  Notoark  [Noatak]  River.  They  were  towed  about  60  miles 
up  the  stream  and  left  to  carry  explorations  up  to  the  point  where  I 
had  left  oflf  in  December.  They  returned  on  the  22d."  Further 
information  is  not  given,  but  as  no  mention  is  made  of  the  Noatak 
Canyon,  and  as  the  party  spent  only  a  short  time  in  the  field,  its 
explorations  probably  did  not  extend  as  far  as  longitude  162®.  On 
Stoney's  map  the  form  of  the  lower  part  of  the  Noatak  is  good,  but 
the  middle  and  upper  parts  are  unrecognizable. 

During  the  open  season  of  1911  the  first  Geological  Survey  party 
to  visit  the  Noatak  went  up  Alatna  River  in  canoes,  portaged  across 
to  the  Noatak,  and  descended  that  stream  to  its  mouth.  In  addition 
to  the  writer  the  party  consisted  of  C.  E.  GiflBn,  topographer,  and  four 
camp  hands.    Work  was  conmienced  at  the  mbuth  of  the  Alatna 

1  McLenegan,  S.  B.,  Report  of  the  croise  of  the  zevenue-marlne  steamer  CbnHnln  the  Arotle  Ocean  in  the 
1886,  pp.  fi}-83  and  map,  1887. 
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July  1  and  was  finished  at  Kotzebue  August  27,  during  which  time 
an  area  of  nearly  10,000  square  miles,  three-fourths  of  which  was 
within  the  Noatak  basin,  was  surveyed  geologically  and  topograph- 
ically. Three  canoes  were  used  m  order  to  facilitate  the  movement 
of  the  different  units  of  the  party.  Supplies  for  the  entire  trip  were 
brought  in  from  Seattle,  and  w^e  sent  by  freight  down  the  Yukon 
and  up  the  Koyukuk  to  the  mouth  of  the  Alatna  by  the  regular  river 
steamboats.  From  this  place  the  supplies  were  carr^  in  the  canoes 
or  back  packed.  Game  was  abundant,  so  that  sheep,  caribou,  and 
birds  formed  a  considerable  addition  to  the  routine  camp  fare.  The 
weather  was  especially  favorable  for  the  work;  numerous  slight  show- 
ers kept  the  streams  at  a  good  stage,  but  did  not  make  traveling  dis- 
agreeable nor  obscure  the  distant  landscape  except  in  the  mountain- 
ous regions.  As  the  present  report  is  largely  based  on  the  results  of 
this  trip,  more  specific  description  may  be  omitted  here. 

ALATNA  BASIN. 

The  earliest  survey  of  the  upper  part  of  the  Koyukuk  basin  and 
the  recognition  of  Alatna  River  was  by  Lieut.  H.  T.  AUen  ^  under  orders 
from  the  War  Department.  Tins  trip  was  perhaps  the  most  remark- 
able of  any  that^has  been  made  in  connection  with  Alaskan  explora- 
tion. Starting  from  the  south  coast  of  Alaska,  Allen  with  one  com- 
panion, Fred  W.  Fickett,  ascended  Copper  River,  crossed  the  moun- 
tains, and  descended  the  Tanana  to  its  mouth.  From  this  place  the 
two  white  men,  with  seven  natives  and  five  dogs,  started  north  July 
28,  1885,  reaching  the  junction  of  the  Kanuti  and  the  Koyukuk 
August  4.  At  this  place  they  procured  a  boat  and  went  upstream 
to  the  mouth  of  John  River.  Then  turning  back  they  descended  the 
Koyukuk  to  its  mouth,  surveying  the  river  as  they  went.  This  report 
is  accompani^  by  a  good  map  of  the  Koyukuk,  on  a  scale  of  approx- 
imately 12  miles  to  the  inch.  The  descriptive  text,  in  addition  to 
giving  a  narrative  of  the  trip,  has  notes  on  the  geology  and  meteorol- 
ogy and  tables  of  distances. 

Stoney's  expedition  to  the  middle  part  of  the  Alatna  River  valley, 
already  referred  to,  afforded  some  general  information  about  this 
part  of  the  valley,  but  the  details  are  so  inexact  and  in  places  so  erro- 
neous that  confidence  can  not  be  placed  in  his  map.  This  is  particu- 
larly unfortunate,  for  many  parts  are  nearly  correct,  but  it  requires 
a  visit  to  determine  the  fact,  and  therefore  the  map  as  a  whole  is 
practically  of  no  service. 

In  1899  a  Survey  party  in  charge  of  F.  C.  Schrader,  with  T.  Q. 
Gerdine  and  D.  C.  Witherspoon,  topographers,  ascended  the  Chanda- 
lar  River  from  the  Yukon,  portaged  to  the  Koyukuk  and  descended 

1  AlteD,  H.  T.,  Report  of  an  expedition  to  the  Copper,  Tanana,  and  Koynkuk  ilTen  in  tlie  Territory  oT 
AlMka  in  the  year  1886:  Washington,  1887, 172  pagei  and  mapa. 
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that  Stream  to  its  mouth.  The  results  of  this  trip  were  the  publica- 
tion of  a  map  on  a  scale  of  about  10  miles  to  the  inch  and  a  fully- 
illustrated  text,*  describing  the  geology  and  geography  and  contain- 
ing also  notes  on  the  mineral  resources. 

Two  years  later,  in  1901,  another  Survey  party,  in  charge  of  W.  J. 
Peters,  topographer,  with  F.  C.  Schrader,  geologist,  Gaston  Philip, 
topographic  assistant,  and  five  camp  hands,  was  detailed  to  make  a 
trip  from  Bergptian  on  the  Koyukuk  to  the  Arctic  coast  by  way  of 
John  River.  In  order  that  the  expedition  should  be  under  way  as 
early  as  possible  in  the  spring  it  was  necessary  for  the  men  to  leave 
Skagway  in  February  and  go  to  Bergman  overland  by  dog  team. 
While  awaiting  the  break-up  of  the  ice  in  the  rivers  a  preliminary 
reconnaissance  was  made  up  Alatna  River  by  Gaston  Philip  as  far 
as  the  Kutuk.  Unfortunately  the  original  notes' of  his  trip  have  been 
lost,  so  that,  except  a  sketch  map  of  his  route  and  a  general  statement 
in  the  report,'  no  specific  details  of  his  trip  are  available.  Although 
thjB  route  of  the  mam  expedition  up  John  River  and  down  the  Col- 
ville  lies  outside  the  region  directly  considered  in  the  present  work, 
Schrader's  report  affords  so  much  information  on  the  near-by  areas 
that  many  references  are  made  to  it  in  the  following  pages. 

In  1901  the  Mendenhall  expedition  to  the  Eobuk,  /dready  described 
(see  p.  15),  ascended  the  Alatna  80  miles,  to  the  mouth  of  Help- 
mejack  Creek.  From  the  published  account'  of  this  trip,  as  well 
as  from  the  original  notebooks,  many  facts  have  been  taken  to 
amplify  the  present  report.  Tlie  topographic  map  prepared  by 
Reabum  has  been  used  as  the  base  for  the  lower  part  of  the  Alatna 
as  far  as  Helpmejack  Creek  and  for  that  creek  and  the  pass  to  the 
Eobuk. 

The  expedition  of  1911,  as  already  stated,  traversed  the  Alatna 
from  its  mouth  to  the  head  of  canoe  navigation  and  spent  nearly  a 
month  in  the  basin  of  this  river.  In  addition  to  mapping  the  coun- 
try immediately  adjacent  to  the  river,  the  party  made  side  trips  on 
foot  into  the  hills  and  obtained  a  general  view  of  the  surrounding 
country.  The  results  of  this  expedition  are  here  stated  fully  for 
the  first  time,  though  a  preliminary  report  on  the  mineral  resources 
has  been  recently  published.^  As  these  observations  are  given  in 
fuU  on  succeeding  pages,  further  review  of  the  work  of  this  expedi- 
tion will  be  omitted  here. 


1  Schrader,  F.  C,  Preliminary  report  on  a  reconnaissance  along  the  Chandalar  and  Koyukuk  rl-vers, 
Alaska,  In  1809:  Twenty-flrst  Ann.  Kept.  U.  S.  OeoL  Survey,  pt.  2, 1900,  pp.  441-486. 

« Schrader,  F.  C,  A  reoonnaiasanoe  in  northern  AJaaka:  Prof.  Paper  U.  B.  Oeol.  Survey  No.  20, 1904, 
139  pp.,  maps  and  illustrations. 

•  Mendenhall,  W.  C,  Reconnaissance  from  Fort  Hamlin  to  Eotnbue  Sound,  Abska;  Pn>f.  Paper  U,  8. 
OeoL  Survey  No.  10, 1902,  68  pp.,  maps  and  lUustntknis. 

^  Smith,  P.  8.,  The  AlatnarNoatak  region:  BulL  U.  8.  GeoL  Survey  No.  620,  pp.  316-338^ 
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XAJOB  TKATUBMB  OF  THB  OBOO&APKT. 

Alaska  has  been  divided  by  Hayes,^  Brooks,'  and  others  into 
several  large  geographic  provmces,  which,  from  south  to  north, 
have  been  called  the  Pacific  Mountain  system,  the  Central  Plateau 
region,  the  Rocky  Mountain  system,  and  the  Arctic  Slope  region. 
The  Noatak-Kobuk  r^on  lies  almost  entirely  within  the  third 
province — the  Rocky  Moimtain  system.  Most  of  it  is  drained  by 
Noatak  and  Kobuk  rivers,  which  flow  westward  to  Kotzebue  Sound, 
but  part  of  it  is  drained  by  the  Alatna,  a  tributary  of  the  Koyukuk, 
which  forms  a  part  of  the  Yukon  drainage.  Although  mainly  of 
mountainous  topography,  the  region  is  so  much  diversified  by  high- 
lands and  lowlajid,  by  valleys  and  ridges,  that  in  places  the  reason 
for  assigning  the  country  as  a  whole  to  the  Rocky  Mountain  system 
is  not  apparent  to  one  contemplating  only  the  immediate  details 
without  regard  to  their  larger  relationship. 

Schrader '  has  suggested  that  the  Rocky  Mountain  system  has  two 
axes,  one  north  and  the  other  south  of  the  Noatak.  Not  enough  is 
known  of  the  region  to  the  north  to  verify  this  statement.  Certainly 
there  appears  to  be  a  major  axis  of  deformation  to  the  south,  between 
the  Noatak  and  the  Kobuk.  As  a  result  of  this  structure,  the  larger 
streams  have  courses  either  normal  to  the  constructional  trend  or 
parallel  to  it.  It  is  not  proposed,  however,  to  go  into  these  details 
here  further  than  to  9uggest  that  the  general  north-south  trend  of 
the  Alatna  Valley  may  originally  have  been  normal  to  this  axis, 
whereas  the  general  trend  of  the  Noatak  and  the  Kobuk  valleys  is 
parallel  to  it.  Since  this  mountain  building  took  place,  however, 
so  much  normal  erosion  and  glaciation  has  affected  the  region  that 
few  or  none  of  the  constructional  slopes  are  preserved.  The  general 
east-west  trend  of  both  the  topography  and  the  geologic  formations 
is  still  one  of  the  most  notable  features  of  the  region. 

As  practically  the  entire  area  comprising  the  Kobuk,  Noatak,  and 
Alatna  valleys  lies  north  of  the  Arctic  Circle,  and  as  the  region  as  a 
whole  is  a  mountainous  province,  its  climate,  vegetation,  and  fauna 
are  mainly  those  characteristic  of  highlands  in  the  frigid  zone.  This 
fact  is  perhaps  even  more  striking  than  the  moimtainous  topography 
or  the  general  east-west  trend. 

It  is  proposed  in  the  following  pages,  before  the  geology  and  the  min- 
eral resources  are  considered,  to  describe  the  general  features  of  the 
geography  and  to  give  information  of  a  relatively  nontechnical  char- 
acter concerning  the  drainage,  relief,  climate,  flora,  and  fauna,  and 
the  population  and  settlements.    As  each  of  three  river  basixis  differs 

1  BaTM,  C.  W.,  Expadidoii  throagh  the  Yukon  district:  Nat.  Oeog.  Mag.,  voL  4, 1893,  pp.  117-102. 
I  BiwAb,  a.  H.,  Owcmpby  wd  geokcy  of  Aladia:  Prof.  Paper  tJ.  S.  OeoL  Sorray  No.  46, 1900,  p.  17. 
*  Sctnadir,  F.  C,  Prat  P»per  U.  6.  OeoL  Surrey  No. »,  1904,  p.  41. 
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from  the  others  in  many  respects,  and  forms  a  rather  distinct  unit, 
they  will  be  described  separately. 

DBAINAQB  AND  BBLESF. 
KOBUK  BASIN. 

For  purposes  of  description  the  region  adjacent  to  the  Kobuk  may 
be  divided  into  three  more  or  less  distinct  parts  which  are,  from  the 
mouth  eastward,  the  delta,  the  Squirrel  River  to  Reed  River  province, 
and  the  headwater  mountain  province.  It  should  be  noted,  however, 
that  these  terms  have  reference  only  to  the  region  near  the  river,  for 
the  so-called  headwater  moimtains  extend  practically  without  inter- 
ruption along  the  north  side  of  the  river  all  the  way  to  its  mouth, 
though  in  some  places  they  are  distant  from  the  river  and  in  others 
are  close  to  it.  It  is  evident  that  they  form  the  highlands  in  which 
all  the  tributary  streams  rise,  and  therefore  had  exploration  been  more 
extensive  it  would  be  more  logical  to  divide  the  basin  into  the  high- 
lands, the  valley  slopes,  and  the  valley  floors. 

THS  DELTA. 

The  delta  portion  of  the  Kobuk  above  water  extends  westward 
from  a  point  a  short  distance  below  Squirrel  River.  It  is  approxi- 
mately 35  miles  long  and  from  20  to  30  miles  wide.  In  this  area  the 
main  stream  splits  into  a  great  number  of  channels,  which  further 
subdivide  and  reunite,  forming  an  untraversible  network  of  streams. 
Stoney  ^  notes  that  there  are  13  mouths  to  the  river,  but  so  far  as 
known  only  two  or  three  are  much  traveled.  Stoney,  Mendenhall, 
and  Smith  traversed  the  middle  channel,  which  enters  Hotham  Inlet 
nearly  opposite  Nimiuk  Point,  28  miles  from  Kotzebue.  Cantwell 
apparently  ascended  the  southern  channel,  which  enters  almost  at 
the  beginning  of  Selawik  Lake  and  is  25  miles  farther  away  from 
Kotzebue;  the  northern  channel  has  not  been  surveyed,  but  natives 
report  that  it  follows  along  the  southern  flanks  of  the  hills  and  is 
nearly  as  deep  as  the  other  channels.  The  middle  route  is  the  one 
most  used  and  is  therefore  believed  to  be  the  best.  One  unacquainted 
with  the  river  would  have  considerable  difficulty  in  finding  the  way, 
for  the  current  is  slight  and  is  often  reversed  by  the  tide  during 
periods  of  high  water  or  strong  onshore  winds.  Stoney  reports  that 
2  fathoms  may  be  carried  over  the  bar  at  the  entrance  to  the  middle 
channel,  but  from  the  reports  of  other  travelers  it  is  believed  that  there 
is  usually  little  more  than  half  as  much  water. 

The  ii^ands  between  the  different  distributaries  are  low,  few  being 
more  than  5  feet  above  the  sunmier  stage  of  the  river.  The  natives 
report  that  these  flats  are  usually  overflowed  in  the  spring  and  are 

I  Stoney,  G.  M.,  Naval  exploratiaiiB  in  Alaska,  Annapolis,  IWO,  p.  40. 
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coYered  with  blocks  of  ice  discharged  by  the  river.  From  the  scars 
on  the  trees  and  the  accumulation  of  driftwood  brought  down  during 
the  high  stages  it  was  evident  that  much  of  the  region  must  have  been 
recently  under  water.  The  immediate  banks  of  the  river  are  the 
best-drained  parts  of  the  delta  and  usually  furnish  sufficient  dry 
ground  for  pitching  camp,  but  farther  away  the  ground  in  summer  is  a 
wet  spongy  mass  of  vegetation ,  into  which  one  sinks  at  least  ankle  deep. 
Some  small  tributaries  rising  in  the  hills  north  of  the  delta  undoubt- 
edly enter  the  northern  channel,  but  nothing  is  known  of  them,  as 
that  part  of  the  region  has  not  been  visited.  North  and  west  the 
delta  of  the  Kobuk  merges  into  the  coastal  lowland  that  skirts  the 
northern  hills  and  extends  b^ond  the  Noatak.  To  the  south  and 
east  the  delta  merges  into  the  low  coxmtry  around  Selawik  Lake. 
The  presence  of  a  delta  at  the  mouth  of  the  Kobuk  is  notable,  for  it 
is  practically  the  only  large  delta  on  the  west  coast  of  Alaska  north 
of  the  Yukon. 

SQUIUtSL  BXVX&  TO  BMED  &IVX&  P&OVZVOE. 

A  short  distance  above  Squirrel  River  the  hills  on  the  opposite 
sides  of  the  river  converge,  and  for  6  to  8  miles  the  valley  floor  is  only 
2  miles  or  so  in  width  and  rocks  outcrop  on  both  banks  of  the  stream. 
Farther  upstream  the  hills  again  rec^e  and  the  floor  averages  10 
miles  or  more  in  width  almost  as  far  as  the  mouth  of  Reed  River. 
Throughout  most  of  this  distance  no  rocks  are  exposed  in  the  river 
banks,  which  are  instead  formed  of  sands,  gravels,  and  silts,  which 
here  and  there  include  ice  masses  20  feet  or  more  thick.  The  flood 
plain  of  the  river  is  usually  not  more  than  2  to  3  miles  wide,  and 
except  in  the  part  just  above  Ambler  River  the  stream  does  not 
meander  extensively.  The  river  is  from  one-quarter  to  one-eighth 
of  a  mile  wide  and  has  no  obstructions  to  navigation.  The  current 
is  from  I  to  3  miles  an  hour,  which,  though  not  strong,  makes  tracking 
necessary.  The  river  does  not  split  up  much  into  blind  sloughs,  so 
that  it  is  easy  to  traverse,  even  by  one  unacquainted  with  the  route. 

Back  of  the  flood  plain  there  are  prominent  gravel  terraces,  which 
stand  100  to  200  feet  above  the  river.  Higher  benches,  the  highest 
at  an  elevation  of  nearly  1 ,000  feet  above  the  river,  have  been  noted, 
but  they  are  not  so  distinct  as  the  lower  ones.  Traveling  on  these 
terraces  is  fairly  good,  as  for  the  most  part  the  gravels  are  well 
dramed.  Horses  have  been  taken  on  these  benches  with  little  or  no 
difficulty  from  Reed  River  to  Shungnak,  and  similar  coimtry  extends 
still  farther  west.  Small  lakes  of  irregular  shape  and  size  that  were 
produced  in  an  earlier  stage  of  the  valley  development  occur  in  places 
on  these  terraces.  Here  and  there  crescentic  moraines  opposite  the 
mouths  of  the  larger  streams  interrupt  the  nearly  smooth  gentle  slope 
of  the  outwash  plain. 
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North  of  the  lowland  of  the  Kobuk  the  hills  rise  with  steep  sotith- 
ward'f acing  slopes,  the  fronts  of  which  are  fairly  well  aligned,  showing 
no  long  straggling  spurs.  This  feature  is  particulariy  prominent  in 
the  stretch  between  Reed  and  Shungnak  rivers,  though  it  still 
appears  here  and  there  to  the  west.  In  this  part  the  steep  slopes 
lead  to  ragged  peaks  and  ridges  rising  from  2,000  to  3,000  feet  above 
the  valley  floor.  Plate  III  is  a  characteristic  view  of  the  northern 
maigin  of  the  lowland,  with  the  steep  slopes  and  mountains  in  the 
background.  The  picturo  was  taken  from  the  gravel  terrace  150 
feet  or  so  above  the  Kobuk,  just  west  of  Lake  Selby.  Ebccept  for 
the  lake  the  picture  is  typical  of  the  topography  north  of  the  Kobuk 
for  about  100  miles. 

One  of  the  most  peculiar  features  of  the  topography  north  of  the 
Euobuk  is  the  subordinate  range  of  hills  that  lies  between  the  Kobuk 
and  the  mountain  area  still  farther  north.  This  highland,  which  is 
called  the  Cosmos  Hills,  rises  to  an  elevation  of  4,000  feet  and  is 
separated  from  the  Endicott  Mountains  by  a  lowland  whose  surface 
stands  at  an  average  elevation  of  less  than  1,000  feet.  The  larger 
rivers  rise  in  the  Endicott  Mountains,  flow  southward,  enter  the 
lowland,  and  then  cut  through  the  Cosmos  Hills  in  steep-sided  gorges, 
some  of  which  are  narrow  floored,  though  others  are  broad.  The 
divide  between  the  streams  in  the  lowland  r^on  is  only  about  200 
feet  high  in  places,  as,  for  instance,  between  the  Kogoluktuk,  Shung- 
nak, and  Ambler  rivers,  north  of  Shungnak.  At  a  distance  it  is 
almost  impossible  to  distinguish  the  divides  in  this  part  of  the  r^on 
and  travelers  report  that  during  the  winter  they  have  passed  from 
one  tributary  to  another  without  realizing  the  fact.  With  such  a 
broad  lowland  region  available  it  seems  strange  that  the  rivers  have 
persisted  across  the  trend  of  the  lowland  and  have  transected  the 
Cosmos  Hills. 

In  addition  to  these  larger  tributaries  many  streams  that  rise  in 
the  Cosmos  Hills  enter  the  Kobuk  independently  or  join  one  of  the 
larger  branches.  Some  of  these  show  peculiar  features;  for  instance, 
some  of  the  streams  heading  on  the  north  side  of  these  hills  flow  north- 
ward to  the  lowland  or  to  a  transverse  stream,  where  they  turn  abruptly, 
cross  the  range,  and  thus  enter  the  Kobuk.  An  example  is  Ruby 
Creek,  which  heads  within  3  to  4  miles  of  the  southern  face  of  the 
Cosmos  Hills  but  flows  northward  for  7  to  8  miles  before  joining 
Shungnak  River;  thence  its  waters  are  carried  southwest  about  20 
miles  before  reaching  the  Kobuk.  This  condition  prevails  in  spite 
of  the  fact  that  near  its  head,  toward  the  south,  there  is  a  pass  not 
over  400  feet  above  the  Kobuk  which  has  evidently  been  occupied 
by  a  former  drainage  way.  Examples  of  this  sort  might  be  multi- 
plied, but  the  one  cited  may  serve  to  bring  out  the  fact  that  the  present 
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drainage  was  in  a  large  measure  determined  by  the  earlier  topography. 
It  is  belieyed  that  these  passes,  transverse  streams,  and  like  features 
are  best  explained  as  due  to  drainage  modifications  induced  by  glsr 
dation  in  the  Endicott  Mountains  and  contiguous  territory  in  com- 
paratiyely  recent  time. 

Especially  fidl  description  of  the  region  north  of  the  Eobuk  in  the 
eastern  part  of  the  Squirrel  River-Reed  River  province  has  been 
given,  as  this  region  is  best  known.  Farther  west  there  are  many 
large  tributaries  that  rise  in  the  hills  to  the  north,  but  their  basins 
are  practically  unexplored.  Squirrel  River  has  been  visited,  but 
only  its  lower  part.  This  part  of  the  valley  is  a  broadly  open 
gravel-filled  lowland,  in  which  the  stream  meanders  in  irregular  fash- 
ion. Benches  on  the  valley  sides,  the  highest  400  feet  above  the  stream, 
form  prominent  features,  and  the  nearly  impassable  sloughs,  marshes, 
and  flats  between  the  river  and  the  hills  are  particularly  notable. 
Many  of  the  small  tributaries  of  Squirrel  River  in  their  headwater 
parts  flow  in  rock-cut  gorges,  but  in  their  lower  courses  they  flow 
in  the  gravel  deposits  of  the  main  valley. 

Passes  from  the  Eobuk  to  the  Noatak  probably  occur  at  the  heads 
of  many  of  the  larger  streams.  A  prospector  with  pack  horses  is 
reported  to  have  gone  to  the  Noatak  by  way  of  a  pass  north  of  Squirrel 
River,  and  it  is  probable  that  several  low  passes  lead  from  the  western 
part  of  this  basin  into  the  lower  part  of  the  Noatak  Valley.  At  the 
head  of  Hunt  River  there  is  reported  to  be  another  pass  which  prob- 
ably leads  to  Cutler  River,  a  tributary  of  the  Noatak.  Stoney  and 
lus  parties  went  to  the  Noatak  by  way  of  Ambler  River;  natives  met 
by  the  expedition  of  1911  on  the  Noatak  reported  having  come  by 
way  of  the  Eogoluktuk  and  an  easy  pass  into  the  Ipmiluik,  a  stream 
entering  the  Noatak  12  miles  south  of  the  camp  of  August  2;  pros- 
pectors report  having  gone  to  the  Noatak  by  this  route  and  also  by 
way  of  the  Mauneluk,  the  next  large  tributary  of  the  Eobuk  to  the 
east.  It  is  probable  that  no  good  passes  to  the  Noatak  will  be  found 
farther  east  until  Reed  River  is  reached. 

South  of  the  Eobuk  the  hills  are  not  so  high  and  rugged  as  those 
to  the  north.  The  same  terraced  country  stretches  from  the  river  to 
the  foot  of  the  hiUs  and  the  slope  to  the  crest  of  the  ridges  is  nearly 
as  steep.  The  spurs  do  not  show  as  well-marked  alignment  as  on  the 
northern  side  and  they  have  a  less  truncated  appearance.  Benches 
that  lie  considerably  above  the  river  are  more  noticeable  on  the 
southern  than  on  the  northern  hills. 

No  definite  name  has  been  applied  to  the  southern  range  as  a 
whole.  The  western  part  hfis  been  called  the  Waring  Moimtains, 
the  central  part  the  Sheldukshuk  Ruige,  and  the  eastern  end  was 
considered  by  Stoney  to  be  part  of  a  northeast-southwest  range. 


24  THE  NOATAK-KOBXJK  BEOION,  ALASKA. 

called  by  him  the  Lockwood  Mountains.  The  latter  name  has  here 
been  applied  to  the  range  south  of  the  Kobuk,  and  the  mountains 
still  farther  south,  which  are  entirely  separate,  have  been  called 
the  Zane  Hills.  In  many  respects  the  drainage  of  these  hills  is 
peculiar.  There  are  normal  streams  that  rise  on  the  northern  face 
of  these  hills  and  flow  northward  to  the  Kobuk,  but  there  are  in 
addition  some  streams  that  rise  on  the  southern  face  and,  after 
flowing  for  a  distance  southward,  turn  abruptly,  transect  the  range, 
and  thus  join  the  main  stream.  Pah  River  is  the  best-known  ex- 
ample. As  the  form  and  relations  of  this  river  are  well  illustrated 
by  the  topographic  map,  further  description  may  be  omitted,  except 
to  poiat  out  that  there  is  practically  no  divide  between  this  stream 
and  the  Koyukuk  drainage  on  the  south  and  that  the  divide  between 
it  and  Selawik  River  on  the  west  is  less  than  a  thousand  feet  high. 

Very  little  is  known  of  the  drain^e  and  relief  south  of  the  Kobuk 
in  the  western  part  of  the  Squirrel  River-Reed  River  province. 
From  the  views  obtained  on  the  Kobuk,  and  from  the  reports  of 
Stoney  and  Cantwell  and  their  maps,  it  seems  probable  that  the 
range  of  hills  is  narrow  and  the  streams  are  therefore  relatively 
short.  None  of  the  peaks  seen  west  of  Shui^:nak  were  more  than 
2,000  feet  high,  and  it  is  doubtful  if  more  elevated  points  occur. 
East  of  Shungnak,  however,  some  of  the  higher  hills  rise  to  4,000 
feet,  but  these  are  exceptional,  the  average  elevation  being  probably 
not  over  2,500  feet.  Here  and  there  a  gap  not  occupied  by  a  stream 
iuterrupts  the  continuity  of  the  Lockwood  Hills,  notably  at  a  place 
about  10  miles  east  of  the  mouth  of  Selby  River,  where  a  narrow 
gorge,  whose  bottom  at  the  highest  point  is  not  over  500  feet  above 
the  Eobuk,  and  whose  precipitous  walls  are  over  1,000  feet  high, 
cuts  completely  across  the  range. 

Passes  across  the  range  south  of  the  Eobuk  can  be  found  almost 
everywhere.  The  passes  in  the  western  part  of  the  range  lead  into 
the  Selawik  basia;  those  in  the  eastern  part  lead  into  the  basin  of 
the  Koyukuk.  Stoney*  reports  having  gone  from  Fort  Cosmos  to 
the  Selawik  by  way  of  a  pass  not  over  400  feet  above  the  Kobuk. 
The  Survey  expedition  of  1910  traveled  with  horses  along  the  crest 
of  the  Lockwood  Hills  from  a  point  west  of  Pah  River  to  a  point 
nearly  south  of  Beaver  River,  so  that  even  in  its  higher  parts  this 
range  is  not  difficult  to  cross,  and  vdth  the  numerous  transverse 
gaps  a  route  from  the  Kobuk  to  the  Koyukuk  can  be  found  that 
nowhere  rises  more  than  400  to  500  feet  above  the  Kobuk.  The 
most  traveled  route  between  the  Kobuk  and  the  lower  part  of  the 
Koyukuk  is  by  way  of  the  Pah.  Th^  name  Pah  signifies  ''door" 
and  refers  to  die  fact  that  this  is  the  gateway  iuto  the  Yukon  basin. 

i  Btoney,  Q.  U.,  Naval  explorations  in  Alaska,  Annapolis,  1900,  p.  41. 
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THE  BBADWATBE  MOUETAZV  PEOVIVOB. 

As  has  already  been  stated,  tihe  upper  part  of  the  Kobuk  Valley 
aboye  Keed  River  is  here  included  in  the  headwater  mountain 
province.  In  the  part  of  its  course  near  the  mouth  of  Reed  River 
the  Kobuk  is  one-eighth  of  a  mile  ¥ddey  but  it  decreases  in  width 
toward  its  headwaters  in  the  high  hills  between  the  Alatna  and  the 
Noatak.  Its  depth  also  differs  greatly  from  place  to  place.  Near 
the  mouth  of  Beaver  River  a  sounding  of  over  14  feet  was  obtained, 
but  natives  report  that  above  Kichaiakaka  Creek  the  river  splits 
up  into  many  small  streams,  all  of  which  are  too  shallow  even  for 
canoe  navigation.  Probably  some  of  these  streams  rise  in  small 
glaciers,  but  the  region  has  not  been  explored  and  little  is  known 
about  it.  Most  of  the  valleys  have  forms  such  as  are  usually  pro- 
duced by  glaciation,  and  there  is  reason  to  believe  that  in  the  past 
many  if  not  most  of  the  larger  valleys  were  occupied  by  ice.  This 
fact  has  been  emphasized  by  Mendenhall  in  describing  part  of  this 
region,  for  he  states  that  much  of  the  topography  and  stream  align- 
ments are  of  the  confused  types  that  result  from  ice  work. 

Several  lakes  form  notable  features  in  this  province.  The  largest 
of  these  is  Walker  Lake,  which  is  about  14  miles  long  and  from  1  to 
2  miles  wide,  and  is  hemmed  in  by  rugged  mountains  except  at  its 
south  end.  Near  by  is  Nutuvukti  Lake,  much  smaller  than  Walker 
Lake  but  similarly  situated.  These  lakes  are  probably  of  the  same 
general  origin  as  Selby  Lake,  in  the  more  western  part  of  the  valley, 
abeady  described  and  illustrated,  and  the  several  other  mapped 
lakes  in  the  neighborhood.  Of  an  entirely  different  character  is 
Xorutak  Lake,  south  of  the  Eobuk.  It  occupies  a  broad  widely 
open  lowland  that  is  reported  to  extend  uninterruptedly  between 
the  Eobuk  and  the  tributaries  of  the  Eoyukuk. 

The  following  description  by  Mendenhall  ^  of  the  country  around 
the  head  of  Walker  Lake  f umiahes  a  general  idea  of  the  topography 
of  the  mountain  province  as  a  whole: 

The  lake  is  bordered  on  both  aides  by  precipitous  mountains  which  rise  to  heights 
of  3,000  or  4,000  feet.  Southeast  of  it,  toward  the  mouth  of  Reed  River,  the  country 
becomes  broken,  the  hills,  which  are  from  1,000  to  4,000  feet  in  height  being  separated 
by  broad  passes,  which  are  often  not  much  above  the  general  level  of  the  streams. 

As  these  mountains  form  the  divide  between  Kobuk,  Noatak, 
and  Alatna  rivers,  there  will  be  occasion  to  describe  some  of  the  spe- 
cific features  noted  in  the  other  basins  later.  (See  pp.  32-33,  36-38.) 
For  the  present  it  will  sufi&ce  to  point  out  that  the  peaks  and  ridges 
are  lofty  and  rugged,  with  great  differences  in  elevation,  and  are 
undergoing  erosion  so  rapidly  that  they  preserve  in  few  places  any 
evidence  of  an  earlier  topography.    Bare  rock  crests  and  talus- 

i  HendflDludl,  W.  C,  lUwonnahwaaee  from  Fort  Hamlin  to  Kotiebua  Bound,  Alaska:  Prof.  Paper  U.  8. 
(hoL  &amy  No.  10, 1903,  p.  26. 
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covered  lower  slopes  dominate  and  are  the  characteristic  features  of 
the  landscape. 

THB  NOATAK  BASIN. 

The  region  adjacent  to  the  Noatak  may  be  divided  into  six  more 
or  less  topographicaUy  distinct  parts.  These,  from  the  mouth  up- 
stream, are  the  coastal  lowland,  the  Igichuk  HQls,  the  Mission  lowland , 
the  second  highland,  the  Aniuk  lowland,  and  the  headwater  moun- 
tains. As  was  said  of  the  Kobuk  basin,  it  is  probable  that  more 
complete  knowledge  of  the  geography  would  necessitate  modification 
of  these  subdivisions,  for  they  refer  only  to  the  region  near  the  river 
and  not  to  the  entire  basin.  For  instance,  probably  aU  the  moun- 
tains form  one  main  topographic  unit  in  which  the  various  lowlands 
have  been  carved.  Inasmuch,  however,  as  the  six  provinces  enimier- 
ated  above  are  the  most  striking  features  to  the  ordinary  traveler, 
they  will  be  adopted  in  the  following  description. 

The  coastal  lowland  adjacent  to  the  Noatak,  as  its  name  implies, 
has  low  relief,  at  no  place  rising  more  than  a  few  hundred  feet  above 
the  sea.  It  has  the  form  and  general  characters  of  a  coastal  plain 
and  not  those  of  a  normal  delta.  In  fact,  the  delta  portion  of  the 
Noatak  above  water,  if  the  term  delta  is  applied  only  to  the  part  where 
the  river  splits  up  into  distributaries,  is  not  more  than  about  2  miles 
long.  In  this  respect  the  Noatak  differs  in  a  marked  manner  from 
the  Kobuk.  Lakes  and  marshes,  it  is  true,  occur  in  great  numbers 
on  either  side  of  the  river  for  10  miles  above  the  mouth,  but  gravel 
benches  50  feet  or  more  in  height  extend  as  far  south  as  the  large 
mapped  island  just  above  the  first  distributary  to  the  west  and  are 
not  periodically  overflowed. 

The  plain  is  composed  mainly  of  sands  and  gravels,  probably 
of  marine  origin,  which  were  deposited  under  water  and  then  later 
uplifted  and  partly  dissected.  The  slopes  from  the  sea  toward  the 
next  upstream  province  are  rather  gentle  and  in  places  no  sharp 
line  of  demarcation  between  the  two  can  be  drawn.  Near  the  river 
the  upland  is  fairly  weU  drained,  but  farther  away  the  thawing  of  the 
surface  in  the  summer  makes  an  almost  untraversable  morass. 

The  main  river  is  about  a  mile  wide  and  has  a  gentle  current. 
It  is  not  much  obstructed  by  islands  or  sand  bars.  At  its  mouth 
it  is  so  shallow  that  boats  must  follow  the  channel.  No  soundings 
were  made  by  the  Survey  party,  but  McLenegan's  map  shows  a 
depth  of  12  to  15  feet  as  far  upstream  as  the  big  bend  to  the  west  near 
the  camp  of  August  26.  Few  tributaries  enter  the  Noatak  in  this  part 
of  its  course  and  all  of  these  are  mere  wet-weather  streams,  so 
that  its  valley  is  very  narrow. 
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ZOXGKITK  BILLS. 

Tlie  topographic  feature  caUed  here  the  Igichuk  Hills,  is  a  high- 
kzid  area  from  5  to  15  miles  wide  trending  in  general  east-west,  the 
higher  points  of  which  rise  to  elevations  of  1|500  to  2,000  feet.  On 
the  east  these  hills  join  those  south  of  the  Squirrel  River  basin  of  the 
Eobuk,  which  in  turn  are  part  of  the  general  highland  area  called 
by  Stoney  the  Baird  Mountains.  To  the  west  the  Igichuk  HiUs 
dkappear  as  topographic  features  north  of  Cape  Krusenstem.  The 
most  remarkable  feature  of  this  range  is  that  the  Noatak  cuts  through 
it  in  a  narrow  gorge.  This  lower  gorge  is  400  to  600  feet  deep  and  is 
80  recent  a  feature  that  practically  no  flood  plains  have  been  devel- 
oped and  ragged  limestone  points  jut  into  the  river  in  fantastic 
pinnacles.  Benches  along  the  hill  slopes,  the  highest  standing  at  an 
elevation  of  1,000  feet,  have  been  formed  by  water-worn  gravel  and  ' 
sand.  Above  that  elevation,  however,  the  surface  is  mainly  bare 
rock,  affording  numerous  easily  identifiable  landmarks.  Plate  lY,  A, 
gives  a  typical  view  of  the  Igichuk  Hills  from  the  knob  2  miles 
northeast  of  the  camp  of  August  26,  looking  northwest.  The  Noatak, 
just  above  the  point  where  it  enters  the  lower  gorge,  may  be  seen  to 
the  left  as  a  small  white  area.  The  gorge  is  between  the  low  knobs 
in  the  middle  ground  and  the  higher  hill  at  the  left  of  the  picture. 

This  range  of  hills  is  so  narrow  and  low  that  it  affords  no  consid- 
erable run-off,  and  consequently  streams  tributary  to  the  Noatak 
heading  in  it  are  short  and  small.  The  laigest  are  Agashashok  and 
Igichuk  rivers.  The  former,  however,  drains  not  only  the  northern 
face  of  the  Igichuk  Hills,  but  also  part  of  the  r^ion  to  the  north  and 
will  therefore  be  described  later.  Igichuk  River  enters  the  Noatak 
from  the  east,  a  short  distance  below  the  camp  of  August  26.  Owing 
to  the  sluggishness  of  the  current  of  the  Noatak  at  this  point  the 
Igichuk  has  built  a  small  delta.  The  stream  is  only  15  to  20  miles 
long  and  its  basin  includes  not  over  100  square  miles. 

MIBSIOV  LOWX^aVD. 

The  Mission  lowland  is  a  broad  gravel-filled  lowland  bounded  on 
the  south  by  the  Igichuk  Hills  and  on  the  east  by  the  highlands  called 
by  Stoney  the  Baird  Mountains.  The  southwestern  part  of  the  prov- 
ince stretches  westward  uninterruptedly  to  the  Arctic  Ocean.  North- 
east of  this  broad  pass  there  are  low  hills,  which  are  higher  toward 
the  north  and  east  and  gradually  converge  toward  the  river,  giving 
rise  to  the  second  highland  province.  The  lowland  is  about  50  miles 
long  from  north  to  south  and  has  an  average  width  of  about  20  miles. 
The  greater  part  of  the  region  is  only  200  to  600  feet  above  sea  level 
and  has  very  low  relief. 

In  the  northern  and  central  parts  of  this  lowland  the  main  river 
occupies  a  strip  of  the  valley  floor  about  2  miles  wide,  within  which 
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it  is  a  network  of  anastomosing  or  braided  streams,  most  of  them 
shallow  and  difficult  to  follow.  Although  the  gradient  of  the  river 
is  low,  the  volume  of  water  is  so  great  that  the  current  is  strong  and 
progress  upstream  can  be  made  only  by  tracking.  The  banks  are 
low,  rising  only  5  to  15  feet  above  the  water  at  normal  stages  of  the 
river.  In  the  southern  part  of  this  lowland,  below  the  camp  of 
August  22,  the  river  is  not  split  up  but  flows  in  a  single  channel  for  a 
long  distance  along  the  northern  flank  of  the  Igichuk  HUls.  In  this 
part  of  its  course  the  stream  is  deep  and  on  the  south  side  is  bordered 
by  gravel  bluffs  from  50  to  150  feet  above  the  river.  A  sounding 
i^ear  the  camp  of  August  23  gave  a  maximum  depth  of  about  30  feet 
and  the  width  of  the  river  at  that  place  was  900  feet,  but  2  miles 
upstream  its  width  was  2,200  feet. 

The  country  back  from  the  river  is  a  plain  covered  with  so  many 
lakes  of  all  sizes  and  shapes  that  it  has  been  possible  to  represent 
them  on  the  map  only  in  conventional  or  diagrammatic  manner. 
These  lakes  have  probably  been  formed  by  diverse  processes,  and, 
although  many  are  old,  flood-plain  lakes,  most  of  them  had  some 
other  origin.  Here  and  there  roXinded  hills  one-half  mile  in  diameter 
at  the  base  rise  100  to  300  feet  above  the  general  surface  of  this  plain. 
They  are  symmetrical  in  shape  and,  although  irregularly  distributed 
over  the  plain,  suggest,  when  viewed  from  a  distance,  giant  hay- 
stacks. None  of  these  was  examined  at  close  range,  but  they  are 
apparently  gravel  mounds  similar  to  those  near  the  mouth  of  the 
Colville,  described  and  illustrated  by  Schrader.^ 

Side  streams  that  rise  in  the  highlands  bounding  the  Mission  low- 
land flow  on  steep  gradients  until  they  reach  the  plain,  where  they 
lose  velocity  and  meander  across  the  flat  in  valleys  so  slightly  incised 
and  so  featureless  that  they  are  not  recognizable  at  a  distance.  It  is 
uncertain  where  most  of  these  streams  join  the  Noatak,  for  many  enter 
sloughs.  Even  those  that  do  join  near  the  route  traveled  are  likely 
to  be  mistaken  for  sloughs.  The  largest  tributary  in  this  province  is 
the  Agashashok,  which  empties  into  the  Noatak  from  the  east  at  the 
extreme  southeastern  part  of  this  Province.  It  heads  far  back  in  the 
Baird  Mountains  and  probably  also  receives  a  laige  amount  of  drain- 
age from  the  west  face  of  these  hills.  In  the  lower  part  of  its  course 
it  flows  parallel  to  the  Noatak  until  that  river,  swinging  against  the 
Igichuk  Hills,  cuts  out  the  lowland  and  permits  the  tributary  stream 
to  enter.  Numerous  other  streams  rising  on  the  western  slopes  of  the 
Baird  Mountains  are  tributary  to  the  Noatak.  None  of  these,  how- 
ever, is  large,  and  all  are  unnamed.  From  the  northern  slope  of  the 
Igichuk  Hills  only  a  few  short  streams  flow  into  the  Noatak. 

The  Mulgrave  Hills,  which  bound  the  lowland  on  the  west  and  their 
continuation  to  the  north  and  east,  are  the  source  of  several  large 

1  Schrader,  F.  C,  ReoonnaissimM  in  northern  Alaska  in  1901:  Prof.  Paper  U.  8.  QeoL  Survey  No.  ao, 
Di,  p.  04  and  PL  XVI,  B. 
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streams.  Of  these  the  largest  are  Kelly  River,  which  enters  the 
Noatak  about  8  miles  in  an  air  line  above  the  camp  of  August  19,  and 
the  Kugururok,  which  comes  into  the  main  stream  a  short  distance 
above  the  camp  of  August  18.  Both  these  streams  rise  in  the  unex- 
plored divide  between  the  Noatak  and  the  Arctic  Ocean  north  of  Point 
Hope,  and  the  heads  of  both  are  reported  to  afford  low  passes  into 
the  northern  drainage.  The  valley  floors,  even  within  the  hills, 
appear  to  be  very  broad  and  steep  walled,  and  these  rivers  probably 
extend  northward  for  a  considerable  distance.  Near  the  Noatak  the 
streams  are  much  split  up  and  it  is  difficult  to  form  a  just  idea  of 
their  volume. 

Plate  IV,  ^,  is  a  view  in  the  northern  part  of  the  lowland  province, 
taken  from  a  point  on  the  south  side  of  the  river  a  short  distance 
above  the  camp  of  August  19.  Although  the  lowland  is  not  so  wide 
here  as  it  is  futher  south,  the  view  iUustrates  the  braided  character 
of  the  stream  and  the  featureless  plain  bounded  by  mountains  2,000 
to  3,000  feet  high  and  10  to  15  miles  distant.  At  the  extreme  right 
of  the  view  the  gap  in  the  hiUs  marks  the  valley  of  Kelly  River. 

TKZ  SZOOHD  HiaHLAlTD. 

The  second  highland  province  is  formed  by  the  conveigence  of 
the  hiUs  east  and  west  of  the  Mission  lowland.  It  extends  from  the 
canyon  of  the  Noatak  above  the  camp  of  August  18  to  Nimiuktuk 
River  at  the  camp  of  August  11,  a  distance  of  about  60  miles  in  an  air 
Ime.  In  this  part  of  its  course  the  Noatak  is  from  one-quarter  to  one- 
ei^th  of  a  mile  wide.  Although  the  river  has  numerous  rather  abrupt 
large  bends  it  has  no  well-marked  meanders  and  is  in  a  relatively 
youthful  stage.  Here  and  there,  as,  for  instance,  5  or  10  miles  below 
the  camp  of  August  11,  it  splits  up  into  a  number  of  braided  streams, 
but  through  most  of  the  province  it  flows  in  a  single  channel.  Gravel 
t^races  that  stand  50  to  100  feet  above  the  stream  form  prominent 
features,  and  higher  terraces,  not  so  noticeable,  also  occur.  The 
Noatak  has  eroded  a  rather  narrow  steep-sided  trench  in  these  gravel 
deposits.  Bedrock  outcrops  at  many  places  on  both  sides  of  the 
valley,  but  although  in  some  such  places  the  current  is  swift  there  are 
no  dangerous  f  aUs  or  rapids. 

The  hills  that  flank  tiie  stream  rise  with  steep  slopes  to  elevations 
of  2,000  to  3^000  feet  above  the  river  and  as  a  rule  have  a  rather  sub- 
dued topography.  Plate  V,  A,  a  view  toward  the  west  taken  from  the 
triangulation  station  near  the  camp  of  August  11,  gives  a  general  idea 
of  the  eastern  part  of  the  second  highland  area,  which  is  fairly  typical 
of  the  province  as  a  whole.  Most  of  the  lakes  in  the  foreground  of 
this  picture  lie  50  to  150  feet  above  the  river  and  are  not  on  the 
present  flood  plain. 

Perhaps  the  most  striking  feature  of  this  province  is  the  canyon 
that  practically  marks  the  beginning  of  this  part  of  the  valley.    Plate 
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V,  B,  a  view  taken  from  the  low  hills  about  2  miles  south  of  the  camp 

of  August  14,  shows  the  general  topography  of  the  canyon  region.    The 

Noatak,  flowing  from  right  to  left  in  the  picture,  turns  abruptly  from 

the  broadly  open  lowland  north  of  the  camp  of  August  14  and  swings 

south  and  west  through  the  narrow  rock-walled  goige  in  the  middle 

ground.    One  large  lake  and  numerous  smaller  ones  occupy  the  old 

more  direct  valley  north  of  the  canyon.    Other  views  shown  in  this 

report  (see  PI.  XI,  p.  70)  give  glimpses  within  the  canyon.    The  walls 

rise  precipitously  600  to  800  feet  above  the  river  and  afford  scarcely 

foothold  oti  either  side.    The  water  rushes  so  swiftly  through  the 

canyon  that  a  transverse  wave  reaching  halfway  across  the  river  is 

set  up  as  the  stream  impinges  on  the  bluffs,  first  on  one  side  and  then 

on  the  other.    In  this  constricted  part  of  the  river  the  water  is  deep. 

During  periods  of  heavy  rain  the  stream  above  the  canyon  rises  rapidly 

but  falls  as  quickly.    McLenegan  ^  notes  that  a  short  distance  upstream 

the  water  surface  fell  8  feet  in  a  single  day  and  states  that  this  rapid 

fluctuation  was  one  of  the  most  noteworthy  features.    There  will  be 

occasion  later  (see  pp.  93-94)  to  describe  in  more  detail  certain 

of  the  features  in  the  neighborhood  of  the  canyon  which  throw  light 

upon  its  origin  and  also  to  describe  the  rocks  exposed  in  the  walls 

(pp.  70, 110). 

Numerous  side  streams  heading  far  back  in  the  mountains  to  the 

north  enter  the  Noatak  above  the  canyon.    It  was  not  possible  to 

determine  definitely  the  position  of  the  divide,  but  it  appeared  to 

be  nearer  the  river  to  the  south  than  to  the  north.    The  largest  of 

the  tributaries  is  the  Nimiuktuk,  or,  as  it  is  sometimes  called,  Indian 

River.    For  more  than  5  mUes  above  its  mouth  this  stream  is  split  up 

into  a  network  of  channels,  which  are  separated  from  one  another 

by  low  sandy  islands.    The  western  wall  of  the  valley  is  marked  by 

prominent  hills,  but  the  eastern  part  for  at  least  10  miles  above  the 

mouth  of  the  river  is  a  low  rolling  country  not  more  than  400  to  600 

feet  above  the  stream.    The  depth  of  the  valley  floor  below  the 

present  flood  plain,  however,  is  not  very  great,  as  outcrops  of  bedrock 

appear  on  both  sides  of  the  river  for  a  mile  or  two  above  the  mouth  of 

the  stream.  

Avnrx  ZfOwiiAjnD. 

East  of  the  camp  of  August  1 1  the  hills  forming  the  second  highland 
area  recede  from  the  river,  and  the  last  of  the  lowlands,  here  called 
the  Aniuk  lowland,  commences.  This  is  a  gravel-filled  depression 
about  75  miles  long  and  10  to  30  miles  wide.  In  this  part  of  its 
course  the  river  is  from  one-eighth  to  one-sixteenth  of  a  mile  in 
width.    There  are  many  large  angular  bends  in  the  general  course 

1  McLenegan,  8.  B.,  Exploration  of  the  Noatak  River,  Alaska:  Report  of  the  ciuiae  of  the  rereDue-marine 
steamer  Onw^fi  in  the  Arctic  Ocean  in  the  year  1885,  p.  72, 1887. 
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of  the  stream  as  well  as  numerous  much  smaller  meanders.  The 
Average  width  of  the  meanders  is  1  to  2  miles,  whereas  the  laif;er  bends 
measured  in  the  same  way  have  in  places  a  width  of  as  much  as 
10  miles.  The  current  has  an  average  velocity  of  2  to  3  miles  an 
hour.  On  the  whole  the  stream  offers  no  serious  obstacles  to  naviga- 
tion by  small  boats  except  during  periods  of  very  low  water,  when 
the  numerous  bowlders  in  the  river  bed  cause  dangerous  rapids. 

Plate  VI,  A,  a  view  toward  the  south  and  east  taken  near  the 
camp  of  August  7,  shows  a  typical  part  of  the  lowland.  The  most 
prominent  features  in  this  picture  are  the  broad,  nearly  l^vel  upland 
and  the  meandering  river.  The  river  has  incised  its  bed  below  the 
general  level  of  the  upland'  and  is  more  or  less  hemmed  in  between 
steeply  sloping  gravel  walls  that  rise  to  heights  ranging  from  50  to 
200  feet.  Flood  plains  alternate  with  cut  banks  and  some  abandoned 
courses  of  the  river  are  preserved  as  lakes.  Many  of  the  lakes  seen 
in  the  view,  however,  lie  on  gravel  benches  60  feet  or  more  above  the 
riTer  and  have  had  a  more  complex  history.  The  upland,  as  is  evi- 
dent from  the  view,  is  an  almost  featureless  plain,  except  where  low 
rocky  hills,  like  those  shown  in  the  center  of  the  picture,  here  and  there 
rise  above  the  gravels.  Although  the  upland  slopes  downward  from 
the  hills  that  bound  the  lowland  on  the  north  and  south  as  well  as 
downward  along  the  course  of  the  stream,  it  gives  a  general  impres- 
sion of  being  essentially  flat. 

Numerous  small  streams  rise  in  the  low  country  near  the  Noatak. 
The  larger  streams,  however,  rise  in  the  distant  mountains  and  flow 
across  the  lowland  in  rather  narrow  trenches.  The  largest  tributary 
from  the  south.  Cutler  River,  joins  the  Noatak  near  the  middle  of 
this  basin.  The  Cutler  was  called  by  Lieut.  Stoney  the  Caribou,  but 
this  name  was  not  published  imtil  after  the  other  had  been  adopted. 
It  carries  nearly  one-half  the  volume  carried  by  the  main  river  above 
that  point  and  drains  a  large  region  between  the  Noatak  and  Kobuk. 
A  large  tributary,  the  Aniuk,  enters  the  Noatak  from  the  north. 
This  stream  heads  in  the  distant  rugged  hills  that  limit  the  lowland 
to  the  north  and  probably  receives  most  of  the  southward  drainage 
from  those  hiUs.  Many  of  the  tributary  valleys  of  the  Aniuk'  show 
broadly  open  U-shaped  cross  sections  in  the  mountains  and  were 
probably  once  occupied  by  glaciers.  A  broad,  low  pass  leads  from  the 
Xoatak  by  way  of  the  lowland  into  the  ColviUe  basin,  which  drains 
into  the  Arctic  Ocean  east  of  Point  Barrow.  This  pass  was  probably 
traversed  by  Howard,  of  the  Stoney  expedition,  on  his  trip  to  the 
Arctic  Ocean.  (See  p.  14.)  The  farthest  point  reached  by  McLenegan 
was  about  10  miles  east  of  the  mouth  of  the  Aniuk.  Aniuk  River 
was  particularly  notable  because  oi  the  large  amount  of  dear  water 
it  added  to  the  Noatak. 
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THS  BZADWATUt  M0UVTAZH8 

The  mountaiiious  headwater  province,  which  extends  roughly  for 
ahout  75  miles  east  and  west,  is  formed  of  the  mountains  that  stand  at 
the  headwaters  of  Kobuk  and  Alatna  riyera.  (See  pp.  25-26.)  The 
floor  df  the  main  valley  gradually  narrows  from  a  lowland  2  miles 
wide,  in  which  the  river  meanders  in  a  slightly  incised  trench,  toward 
the  headwaters,  where  it  is  entirely  occupied  by  the  stream.  Gravel 
deposits  here  and  there,  the  highest  about  1,000  feet  above  the  river, 
cover  the  steep  rock  scarps  that  are  elsewhere  bare  and  prominent. 
The  rocky  walls  rise  abruptly  from  the  valley  floor  and  have  the  trun- 
cated appearance  usually  produced  by  glaciation. 

In  the  higher  hills  there  are  smaU  glaciers,  probably  the  remnants  of 
larger  ones.  None  of  those  seen  was  more  than  a  mile  or  two  long 
and  none  of  them  extended,  below  an  elevation  of  5,000  feet.  In  the 
parts  of  the  range  that  were  not  explored  even  larger  glaciers  may  be 
foimd.  None  of  the  side  streams,  however,  showed  marked  turbidity, 
such  as  is  exhibited  by  streams  that  receive  a  large  part  of  their  water 
from  glaciers. 

Many  valleys  heading  in  the  divide  between  the  Kobuk  and  Noatak 
are  reported  to  extend  long  distances  and  to  afford  passes  by  gla- 
ciated cols  from  one  basin  to  the  other.  Plate  VI,  B,  a  view  up  Ipmi- 
luik  River,  which  joins  the  Noatak  a  short  distance  above  the  camp 
of  August  1,  shows  a  typical  side  valley  and  the  general  features  of 
the  highland  province.  The  steep  slopes,  the  bare  ragged  crest  lines, 
and  the  broad  main  valley  floor,  with  benches  near  the  hills,  are  all 
represented.  Natives  report  that  the  Ipmiluik  Valley  affords  an  easy 
route  into  the  Kogoluktuk  Valley  of  the  Kobuk  basin. 

In  the  headwater  mountain  region  there  are  passes  into  the  Alatna 
by  way  of  the  route  used  by  the  Survey  and  also  by  way  of  Lucky 
Six  Creek  and  Gull  Pass.  The  pass  used  by  the  expedition  of  1911 
is  about  1,000  feet  above  the  Noatak  and  8^  miles  in  an  air  line  from 
that  stream;  the  total  distance  from  the  head  df  canoe  navigation 
on  the  Noatak  to  boating  water  on  the  Alatna  is  about  11^  miles, 
so  that  this  route  is  especially  good  for  a  canoe  portage.  Gull  Pass 
is  about  1,000  feet  higher,  is  much  longer,  and  is  far  more  dijScult. 
It  was  not  surveyed,  but  the  general  topography  of  this  route  was 
seen  from  both  the  east  and  the  west. 

Opposite  the  mouth  of  Lucky  Six  Creek  there  is  also  a  pass  into 
Reed  River,  of  the  Kobuk  drainage,  and  another  pass  to  the  same 
stream  by  way  of  the  southern  fork  of  the  Noatak  is  reported.  Both 
of  these  are  steep  and  difficidt,  but  prospectors  say  horses  can  be 
taken  over  them.  A  pass  into  Colville  drainage,  at  the  head  of  one  of 
the  branches  of  Midas  Creek,  was  also  examined.  The  divide  is  about 
8  miles  distant  from  and  2,000  feet  above  the  camp  of  August  2. 
This  route  is  feasible  for  a  canoe  portage,  and  the  distance  between 


DBAINAGE  AND  BELIEF.  88 

water  deep  enough  to  float  canoes  on  the  two  streams  is  about  13 
miles.  This  is  possibly  the  Riley  Pass  traversed  by  Stoney  on  his 
first  trip  to  the  CSolville,  but  his  map  and  descriptions  do  not  make 
this  dear. 

ALATNA  BIYER  BASIN. 
KOTUKUK  BnrXB  TO  HZLPMZJACK  OBSBK. 

The  Alatna  River  valley  has  a  general  northwest  to  southeast 
trend.  It  is  about  140  miles  in  length  and  is  rather  narrow,  as  the 
aide-stream  valleys  are  short.  The  basin  comprises  two  rather  dis- 
tinct topographic  provinces.  The  southern  one,  carved  in  relatively 
weak  rocks,  has  subdued  topographic  features;  the  other,  carved  in 
resistant  rocks,  is  characterized  by  rugged  mountains. 

In  the  southern  province  the  valley  floor  is  a  wide  gravel-filled 
lowland  in  which  the  stream  is  incised  but  slightly  and  flows  in  sinu- 
oos  meanders  that  try  the  patience  of  the  traveler  upstream.  From 
this  widely  open,  partly  filled  valley  floor  gentle  slopes  lead  to  the 
surrounding  upland,  which  in  few  places  rises  more  than  2,000  feet 
above  the  river.  In  this  part  of  its  course,  although  the  stream  is 
too  swift  to  allow  rapid  progress  to  be  made  against  it  by  rowing, 
its  gradient  is  less  than  5  feet  to  the  mile.  Here  and  there  rocks 
outcrop  on  the  two  sides  of  the  river,  but  the  ledges  form  no  obstruct 
tion  to  boats.  Shallow-draft  river  steamboats  have  ascended  this 
river  as  far  as  Helpmejack  Creek,  but  only  during  periods  of  excep- 
tionally high  water.  In  1911  a  small  river  steamboat  was  able  to 
get  only  about  40  miles  before  it  was  stopped  by  shallow  water, 
although  that  season  was  not  particularly  unfavorable. 

The  largest  tributary  of  the  Alatna  in  this  part  of  its  basin  is 
Siruk  Creek,  which  enters  from  the  west.  This  stream  drains  the 
broa<ny  open  lowland  that  probably  extends  from  the  Alatna  to 
tbe  Hogatza  and  thence  by  way  of  Uie  Norutak  Lake  valley  to  the 
Kobuk.  This  lowland  is  reported  to  be  the  main  winter  trail  from 
the  lower  Alatna  Valley  to  the  Eobuk.  Other  smaller  streams  also 
are  received  by  the  main  i^ver,  but  few  of  them  are  more  than  5  to  10 
miles  long  and  in  their  lower  coiu*ses  are  seldom  distinguishable  from 
sloughs  of  the  Alatna. 

HXLPKVAOK  OBXIK  TO  HSAB. 

Main  stream. — ^The  second  topographic  province  extends  from 
near  Helpmejack  Creek  northward  as  far  as  the  region  was  explored. 
Itt  this  j>ro vince  the  river  occupies  a  floor  raiding  in  width  from  1  i 
miles  in  the  southern  part  to  only  a  few  feet  in  the  headward  portion, 
the  maximum  width  of  the  stream  itself  being  less  than  one-eighth 
mile.  As  far  as  Nahtuk  Creek  the  river  runs  in  a  very  sinuous  course 
in  a  rather  straight  valley.  Distances  measured  between  a  series 
of  points  along  the  course  of  stream  in  this  stretch  are  at  least  three 
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times  as  great  as  the  distances  in  a  straight  line  between  the  two 
end  points  of  the  series.  Above  Nabtuk  Creek  the  course  of  the 
river  becomes  straighter,  the  current  swifter,  and  the  water  shallower. 

From  Helpmejack  Creek  nearly  to  Twin  Mountain  Creek  the  floor 
of  the  valley  has  gravel  deposits,  which  form  marked  terraces  where 
the  river  has  cut  its  bed  a  hundred  feet  or  more  into  them.  In  this 
part  bedrock  outcrops  here  and  there  but  forms  no  serious  obstruc- 
tion to  small  boats.  Good  gravelly  and  sandy  footing  may  usually 
be  found  in  normal  stages  of  the  river  near  tiie  edge  of  the  water. 
The  bed  and  shore  of  the  river  from  Twin  Mountain  Creek  to  the 
Nahtuk  is  formed  of  qmcksand  which  makes  traveling  on  shore 
extremely  difficult.  Fortunately,  as  a  result  of  this  condition,  the 
river  has  a  flatter  gradient  and  consequently  a  slower  current,  so 
that  fair  progress  upstream  may  be  made  by  rowing  or  with  a  favora- 
ble wind  by  sailing.  Above  Nahtuk  Creek  firm  sand  and  gravel, 
rather  coarser  on  the  whole  than  the  material  farther  downstream, 
fmiiishes  good  traveling  near  the  river.  Still  farther  upstream  the 
river  splits  into  numerous  small  streams,  some  of  which  are  too  small 
to  float  even  a  light  canoe.  Between  these  places,  however,  there  is 
but  a  single  stream  furnishing  ample  water. 

Above  the  mouth  of  the  Unakserak  the  volume  of  the  Alatna  is 
so  small  that  it  may  be  crossed  almost  anywhere  on  the  riflles  without 
going  more  than  thigh  deep.  The  slope  increases  so  much  that  in 
the  15  miles  between  the  camps  of  July  20  and  July  23  the  fall  is  700 
feet,  or  an  average  of  nearly  50  feet  to  the  mile.  In  this  part  the 
river  flows  in  an  almost  uninterrupted  succession  of  riffles.  The 
river,  now  diminished  to  a  stream  only  a  few  feet  in  width,  makes 
many  abrupt  bends,  abutting  against  rocky  outcrops  on  either  side 
of  the  floor.  Gravel  terraces  and  rock-cut  benches  here  and  there 
rise  above  the  stream.  On  the  whole  the  valley  floor  has  a  nearly 
straight  trend  and  is  much  wider  than  the  stream  channel. 

A  general  view  of  the  upper  part  of  the  Alatna  Valley,  looking 
northwest  from  the  camp  of  July  23,  is  given  in  Plate  VII,  A,  which 
shows  Alatna  River  to  the  right,  the  low  gravel  terrace  into  which  the 
stream  is  cutting,  the  valley  floor — which  is  very  wide  in  proportion 
to  the  size  of  the  stream — the  characteristic  slope  of  the  valley  walls, 
and  the  rather  straight  and  parallel  direction  of  the  junction  between 
the  waUs  and  the  valley  floor. 

Side  streams, — The  side  streams  tributary  to  the  Alatna  are  all 
relatively  short  and  have  no  considerable  discharge.  Practically 
none  of  these  streams  was  explored  to  its  headwaters,  so  that  their 
length  can  only  be  inferred  by  their  relation  to  known  basins  and 
by  reports  of  prospectors. 

Iniakuk  River,  with  its  tributary  Malemute  Creek,  is  the  most 
southern  of  the  streams  entering  the  Alatna  from  the  east.    It  is  in 
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a  measure  parallel  with  the  Alatna,  but  its  eastern  tributaries  head 
in  the  range  west  of  John  River.  It  is  reported  that  relatively  easy 
portages  lead  by  way  of  these  tributaries  to  Malemute  and  Sixtymile 
rivere  of  the  John  River  basin.  There  is  also  a  low  pass  by  way  of 
one  of  the  western  tributaries  to  Alatna  River  above  Lake  Takahula. 
There  will  be  occasion  to  refer  again  to  this  pass,  which  is  picture 
esquely  known  to  the  natives  as  Akabloouk,  or  ''daylight  through 
the  hills/'  in  describing  the  glacial  features  of  the  region.  On  its 
west^n  branch  there  is  a  lake  several  miles  long. 

Above  the  Iniakuk  only  a  few  small  streams  enter  the  Alatna 
until  the  Nahtuk  is  reached.  This  also  comes  in  from  the  east,  and 
its  eastern  tributaries  are  reported  to  head  in  the  same  lulls  as  the 
western  branches  of  the  Iniakuk.  Between  the  two  there  is  reported 
to  be  an  easy  pass.  About  4  miles  above  the  Nahtuk  is  the  Pingaluk, 
a  sQiall  stream  draining  a  triangular  area  between  the  Nahtuk  and 
the  next  upstream  creek,  the  Kutuk. 

The  Kutuk  is  said  to  be  loiter  than  either  the  Nahtuk  or  the  Pin- 
galuk.  It  is  the  river  that,  according  to  the  text,  Stoney  ascended 
on  his  trip  to  Chandler  Lake.  According  to  his  map,  however,  the 
Unakserak,  which  is  the  next  stream  north,  is  represented  as  the  one 
he  followed.  Owing  to  this  discrepancy,  the  fact  that  he  traveled 
35  miles  to  the  head  of  the  Kutuk  does  not  definitely  demonstrate 
the  geography.  Natives  report  that  the  Kutuk  heads  against  Col- 
ville  drainage,  but  it  is  believed  that  the  portage  by  this  route  is  too 
long  to  be  practicable  for  transporting  boats  from  one  stream  to  the 
other. 

From  the  west,  a  short  distance  below  the  mouth  of  the  Kutuk,  a 
stream  heading  in  glaciers  was  explored.  Although  of  small  size,  this 
stream  heads  in  the  highest  hills  of  the  region,  from  which  probably 
the  Eobuk  and  Noatak  rivers  also  receive  some  drainage.  A  pass 
was  reported  to  lead  by  way  of  this  valley  into  the  Kobuk  and  Noatak 
valle]^.  A  thorough  search  showed  that  this  report,  Uke  much  other 
hearsay  testimony,  was  untrue.  Although  it  is  probable,  as  has 
ab-eady  been  pointed  out,  that  the  Noatak  and  Kobuk  lie  on  the  other 
side,  this  divide  is  so  nearly  unscalable  that  almost  any  other  route 
would  be  preferable.  Plate  VII,  J3,  shows  the  head  portion  of  this 
valley,  and  indicates  not  only  the  imfeasible  character  of  this  route 
but  also  the  general  type  of  relief. 

From  the  west  several  other  unnamed  streams  enter  the  Alatna. 
None  of  these  require  special  mention  here,  as  their  general  features 
are  indicated  on  the  map  (PI.  I) .  Gull  Creek,  which  joins  the  Alatna  a 
short  distance  above  the  camp  of  July  20,  however,  is  important,  as  it 
is  reported  to  afford  the  first  feasible  portage  into  the  Noatak.  The 
pass  at  the  head  of  one  of  the  branches  leads  into  Lucky  Six  Creek, 
of  the  Noatak.    This  route  is  a  rather  difficult  one,  and  is  not  so  well 
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The  tops  of  the  lower  ridges  are  largely  made  up  of  the  materials 
disintegrated  through  frost  action,  and  this  rubble  affords  good 
footing,  so  that  the  best  traveling  is  along  the  crests.  The  higher 
ridges,  however,  are  so  interrupted  by  high  peaks  and  low  sags  that 
progress  is  impossible  and  one  must  resort  to  the  lower  slopes,  where 
a  more  level  course  may  be  selected. 

CLIBCATE. 
TEMPBRATUBB. 

Instrumental  records  of  the  climatic  elements  of  the  Noatak-Kobuk 
region,  such  as  temperature  and  precipitation,  cover  only  a  short 
period.  The  only  station  maintained  by  the  Weather  Bureau  is  at 
Allakaket,  on  the  Koyukuk  at  the  mouth  of  Alatna  River,  and 
observations  there  have  been  carried  on  only  since  1908. 

From  the  Allakaket  station  the  following  records  of  temperature 
have  been  furnished  by  the  Weather  Bureau : 

Mean  temperatures  at  Allakaket. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

JUZlfl. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Dec. 

For 

period. 

1908 

•  F. 
-20.4 
-S8.1 
-24.4 
-31.3 

•  F. 

-  4.3 
-23.0 
-22.3 

-  1.4 

•  F. 

-5.9 
-5.6 
-6.8 
-9.6 

•  F. 
16.5 
11.7 
10.0 
11.2 

•  F. 
42.9 
40.6 
38.2 
40.7 

•  F. 
56.5 
65.6 
54.0 
59.5 

•  F. 
57.7 
59.7 
55.6 
60.8 

•F. 

51.4 
50.4 
50.6 
51.8 

'F, 

'35.6* 
40.4 
43.7 

•  F. 

10.6 
11.0 
15.6 
29.6 

•  F, 

-  6.6 
-19.0 

-  8.2 
-12.1 

•F. 
-  6.7 
-21.2 
-23.5 
-19.2 

•  F. 

17.4 

1900 

13.3 

1910 

14.9 

1911 

18w6 

Ayengfi 

-28.5 

-12.7 

-6.9 

12.3 

40.6 

56.4 

68.4 

61.0 

39.7 

16.7 

-11.5 

-17.6 

16.5 

In  the  above  table  the  column  at  the  right  headed  ^'For  period" 
has  been  computed  by  totaling  the  records  given  and  dividing  by  the 
number  of  months  during  which  observations  were  made;  thus,  for 
1908  the  mean  temperature  for  the  period  is  the  total  of  the  mean 
temperatures  given  divided  by  11,  as  no  record  was  available  for 
September.  For  the  column  of  averages  at  the  bottom  of  the  table 
a  similar  method  has  been  followed  for  the  different  months.  To 
determine  the  average  for  the  period,  however,  the  horizontal  column 
of  averages  has  been  used  and  not  the  vertical  column  of  ''For 
period."  Although  the  incompleteness  of  the  record  impairs  the 
accuracy  of  the  result,  the  average  mean  temperature  of  the  different 
months  and  of  the  different  years  affords  a  clear  idea  of  the  general 
temperature  conditions  at  Allakaket. 

During  the  winter  of  1885-86  Stoney  made  a  series  of  observations 
at  Fort  Cosmos,  on  the  Kobuk,  a  short  distance  north  and  about  120 
miles  west  of  Allakaket,  and  it  is  interesting  to  note  that  the  average 
mean  temperature  for  the  12  months  he  was  at  this  post  was  15.5^, 
which  is  remarkably  close  to  that  obtained  at  the  mouth  of  the  Alatna. 
Tt  seems  certain,  therefore,  that  these  observations  indicate  closely 
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the  average  temperature  conditions  for  places  about  500  feet  above 
the  sea  in  this  part  of  Alaska  in  latitude  67°.  In  applying  these  data 
to  the  whole  Noatak-Kobuk  r^ion,  however,  it  should  be  pointed  out 
that  thej  are  probably  too  high.  In  the  first  place,  the  observations 
were  made  at  an  elevation  of  about  600  feet,  whereas  much  of  the 
region  is  above  this  elevation,  and  consequently  the  average  tem* 
perature  is  several  degrees  lower.  In  the  second  place,  the  region  is 
a  d^;ree  or  more  north  of  the  observation  station  and  is  therefore 
probaUy  colder. 

An  important  feature  of  the  climate  is  the  distribution  of  low  tem- 
peratures throughout  the  year,  and  the  foUowing  table  of  nunimum 
temperatures  recorded  at  Allakaket  during  1909  and  1910  and  fur- 
nished by  the  Weather  Bureau  is  significant.  It  is  evident  from  this 
table  that  freezing  temperatures  may  be  expected  any  month  through- 
out the  year. 

Minvmvm  Umperalurei  at  AUakaket,  1909-10. 


Jan. 

Feb. 

Mar. 

Apr. 

M«y. 

Joae. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

I9Q9 

•  F. 

-64 

-70 

•  F, 
-87 

-70 

•  F. 
-41 
-61 

•F. 

-36 
-34 

•  F. 
16 

4 

•  F. 
84 

32 

•F. 

86 
33 

•  F. 
33 
24 

•  F. 
0 
4 

•  F. 

-22 

-30 

•  F. 
-61 
-34 

•  F. 

—60 

mo 

—64 

In  consequence  of  these  low  temperatures  snow  ma^"  be  expected  in 
the  hills  at  any  time.  According  to  Cantwell,*  the  hills  in  the  central 
part  of  the  Kobuk  Valley  were  snow  covered  on  August  9,  1885. 
McLennan  states  that  the  Aniuk  lowland  was  partly  covered  with 
snow  on  August  1 , 1 885,  and  that  the  Igichuk  Hills  ' '  were  covered  with 
aheavy  fall  of  snow"  on  August  8.'  On  July  14, 1910,  freshly  fallen 
snow  covered  the  higher  hills  between  the  Kobuk  and  Noatak,  and 
on  July  20,  1910,  the  hills  in  the  central  part  of  the  Kobuk  Valley 
were  snow  covered  down  to  an  elevation  of  2,000  feet.  In  1911  snow 
covered  the  hills  opposite  the  Alatna-Noatak  portage  on  July  24  and 
the  hills  east  of  the  canyon  of  the  Noatak  on  August  15,  but  the  snow 
disappeared  after  a  few  days. 

Another  effect  of  the  temperature  that  has  an  important  economic 
bearing  is  the  opening  and  closing  of  the  streams.  According  to 
Schrader,'  ice  was  running  in  the  Koyukuk  at  Peavey  on  September 
20,  1898,  and  ice  broke  at  the  same  place  May  19,  1899.  Stoney  * 
notes  that  ice  had  formed  on  lakes  by  September  13, 1885;  on  most  of 
the  small  streams  by  September  23;  and  along  the  Kobuk  by  the 
25th,    By  October  18  the  main  river  was  frozen  so  that  it  could  be 

^  Cant^rell,  J.  C,  Exploratloii  of  the  Kowak  River,  Alaska;  Report  of  cruise  of  revenue-mariiie  steamer 
C^wfn  In  the  Arctio  Ooean  in  the  year  1885,  Washington,  1887,  p.  47. 

*  UcLeaegan,  8.  B.,  Exploration  of  the  Noatak  River,  Alaska;  Report  of  cruise  of  revenue-marine  steamer 
Oancin  in  the  Arctic  Ooean  in  the  year  1885,  Washington,  1887,  pp.  70-73. 

■Sehxader,  F.  C,  Twenty-first  Ann.  Rept.  U.  S.  Gool.  Survey,  pt.  2, 1900,  p.  459. 

«6toiiD7, 0.  U.,  Naval  ecptorations  in  Alaska,  p.  52. 
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croesed.  Freezing  continued  until  in  February  the  ice  had  a  thick- 
ness of  5}  feet.  On  May  19,  1886,  the  ice  along  the  banks  of  the 
Kobuk  b^an  to  crack,  and  by  June  6  the  river  was  free  of  ice.  Joseph 
Grinnell/  who  spent  the  fall  of  1898  and  the  spring  of  1899  in  the 
central  part  of  the  Kobuk  Valley,  reports  that  on  October  16  the  river 
was  full  of  ice  and  that  by  October  21  the  ice  was  a  foot  thick.  In  the 
following  spring  the  ice  b^an  to  break  on  May  24,  and  by  May  31 
the  river  was  free.  No  definite  data  were  secured  concemiog  the 
time  of  the  free2dng  or  breaking  up  of  the  Noatak,  but  MendenhaJl  ' 
states  that  it  is  reported  to  free  itself  ordinarily  early  in  June. 

Although  the  rivers  break  early  in  June,  it  is  difficult  to  reach  the 
region  from  the  United  States  much  before  the  first  of  July.  Ice  in 
the  lakes  at  the  head  of  the  Yukon  basin  prevents  the  through  pas- 
senger boats  from  running  until  the  middle  of  June.  The  last  boat 
down  the  Koyukuk  usually  leaves  the  head  of  that  river  by  the  first 
week  of  September.  Approach  to  the  region  by  Bering  Sea  and  the 
Arctic  Ocean  can  not  be  made  even  as  early  as  by  way  of  the  Eoyukuk, 
for  Kotzebue  Sound  usually  does  not  open  before  the  first  week 
or  so  of  July.  Stoney  stated  that  in  1885  the  ice  remained  in  Hotham 
Inlet  as  late  as  Jijy  8.  Grinnell '  notes  that  in  1898  it  was  impossible 
to  land  at  Cape  Blossom  before  July  13  on  account  of  the  ice  in 
Kotzebue  Sound,  but  in  1899  a  channel  through  Hotham  Inlet  to  the 
mission  was  open  on  July  1,  and  a  boat  that  wintered  near  Chamisso 
Island  was  able  to  reach  Kotzebue  on  July  8. 


PBECIPrrATION. 


At  Allakaket  a  record  of  the  precipitation  since  1908  has  been  kept 
by  Weather  Bureau  observers  and  affords  the  only  instrumental  data 
on  the  region. 

Precipttation,  in  inches,  at  AUakaket,  1908  to  1911. 


Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Got. 

Nov. 

Deo. 

Total. 

1908 

1.00 
.11 

1.62 
.65 

0.67 
.12 
.15 

2.05 

0.81 
.63 
.52 
.38 

0.34 
.46 
.68 

0.44 
.41 
.50 

0.38 

2.81 

1.63 

.29 

1.92 
L35 
2.62 
2.24 

0.80 

.92 

1.55 

1.50 

'6."62*' 

.82 

1.41 

0.96 
.44 
.50 
.22 

a78 

.63 
.16 
.38 

1.85 

1.44 

.28 

1.04 

9.W+ 
0.84 
10.88 

1009 

1910 

1911 

ia25+ 

Average 

.M 

.75 

.58 

.44+ 

.45+ 

1.28 

2.03 

1.21 

.92+ 

.53 

.49 

1.15 

10.67+ 

The  total  for  the  year  and  the  average  for  the  different  months 
have  been  computed  in  the  same  way  as  for  the  temperatures  in  the 
table  on  page  38.  The  average  for  the  entire  period  has  been  deter- 
mined by  totaling  the  monthly  averages.    From  this  table  it  will  be 

1  Orfnnell,  Joseph,  Gold  hunting  in  Alaska,  Chicago,  1901,  pp.  79-S4. 

<  Mendenhall,  W.  C,  Reoonnalssanoe  from  Fort  Hamlin  to  Kotiebue  Sound,  Alaska:  PtoL  Paper  U.  S. 
Geol.  Survey  No.  10, 1902,  p.  64. 
*  Qrinnell,  Joseph,  op.  cit.,  p.  18. 


OUMATB.  41 

seen  that  at  the  mouth  of  the  Alatna  there  is  a  precipitation  of  9  to  1 1 
inches  a  year.  In  spite  of  this  apparent  aridity,  so  much  of  the  pre- 
cipitation comes  in  the  summer  Uiat  the  tourist  gains  the  impression 
of  a  much  wetter  climate  than  is  actually  the  case.  It  should  be 
stated,  however,  that  the  records  of  the  Weather  Bureau  station  at 
AQakaket  can  not  be  applied  to  the  entire  region  indiscriminately. 
Not  only  do  the  records  cover  too  short  a  period,  but  it  is  a  generally 
recognized  fact  that  highland  areas  receive  more  precipitation  than 
lower  country.  In  the  vicinity  of  Nome,  where  gages  have  been 
installed  both  in  the  highlands  and  on  the  coast,  the  precipitation 
has  been  from  50  to  250  per  cent  more  in  the  higher  than  in  the  lower 
r^on. 

Some  idea  of  the  precipitation  may  also  be  gained  by  noninstni- 
mental  observations  by  travelers.  An  attempt  was  made  to  deter- 
mine from  McLenegan's  account  of  his  trip  the  kind  of  weather  he 
experienced  from  July  2  to  August  11,  1885.  Although  the  state- 
ments are  not  full  enough  for  an  accurate  determination,  it  appears 
that  of  the  40  days  he  was  in  the  Noatak  basin  15  were  partly  rainy. 
Daring  the  25  days  that  Lieut.  Allen  ^  was  in  the  Koyukuk  region 
in  the  same  year,  a  summary  of  his  observations  gives  the  following 
facts: 

Meteorologie  note»  of  Lieut,  Allen^i  expedition  in  the  Koyuhuk  region^  1885. 


NoUukyet 

to 

KoTnkok 

River. 


Koynknk 

River  to 

Yukon 

River. 


Total  dayi , 

Fairdiyl f. 

CkmdydHTS 

Bainydaye 


18 
0 
ft 

13 
6 


In  1901  Schrader,  on  his  expedition  up  John  River,  reported  11 
partly  rainy  days  in  the  39  days  he  was  in  the  region  between  the 
mou^  of  the  Alatna  and  the  Koyukuk-Arctic  Ocean  divide. 

Smith  reported  that,  in  1910|  of  the  72  days  he  spent  in  the  region 
between  the  Koyukuk  and  the  Kobuk  and  in  the  valley  of  the  Kobuk 
i4  were  partly  rainy.  From  June  26  to  September  1,  1911,  a  total 
of  64  days,  37  were  partly  rainy.  It  should  be  noted,  however,  that 
much  of  the  rain  came  in  slight  showers,  which  did  not  last  long.  Hiis 
was  particularly  true  in  the  lower  part  of  the  Alatna  Valley,  where 
thunderstorms  lasting  an  hour  or  so  occurred  almost  every  afternoon. 

The  following  table  gives  *the  records  of  the  snowfall  observed  at 
ADakaket  during  the  years  1908  to  1911,  so  far  as  they  have  been 
fumished  by  the  Weather  Bureau : 

>  Allen,  H.  T.,  Reixfft  of  an  expedition  to  tbe  Copptf,  Taoiaa,  and  BUyyiikuk  rivexB  In  t^ 
AlMka  in  ttae  jeer  1885, 1887,  p.  171. 
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Snowfall  (in  inehti)  at  AlUihakel,  1908  to  1911. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1908 

14.0 
7.6 
8.0 

a.6 

14.2 

11.3 

3.9 

4.8 

31.7 

1909 

2.2 

28.0 
9.5 

2.8 

2.5 

38.0 

0.8 
8.0 
6.6 

7.8 

8.2 

16.6 

Li' 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 

0.8 

1.6 

0 

35.0 

1910 

5.5 

1911 

16.6 

llie  snoM^ally  expressed  in  terms  of  its  equivalent  water,  was  in- 
cluded in  tbe  table  of  precipitation  given  on  page  40 ;  and  therefore  the 
figures  given  above  should  not  be  added  to  those  stated  in  the  other 
table.  A  comparison  of  the  snowfall  with  the  total  precipitation  for 
each  month  indicates  that  the  snow  is  abnonnally  dry,  for  it  takes 
from  14  to  16  inches  to  make  an  inch  of  water,  whereas  the  common 
ratio  is  about  10  inches  of  snow  to  1  of  water.  This  fact  is  probably 
explained  by  the  low  temperature,  which  reduces  melting  and  thus 
prevents  the  snow  packing  closely. 

From  the  record  at  Allakaket  it  is  evident  that  the  annual  snow- 
fall is  about  6  feet.  This,  like  the  rainfall,  is  probably  less  than  in 
the  more  mountainous  parts,  although  prospectors  report  that  in  the 
Alatna  Valley  above  the  Kutuk  there  is  usually  so  little  snow  that 
sledding  is  at  times  difficult.  Early  in  June  most  of  the  snow  on  the 
lowlands  has  disappeared,  but  the  snow  in  the  protected  valleys  in 
the  mountains  lasts  much  later  and  has  an  important  effect  in  sus- 
taining the  flow  of  the  streams.  Here  and  there,  where  the  over- 
flows during  the  winter  have  formed  considerable  thicknesses  of  ice 
on  the  valley  floors,  the  snow  and  ice  may  last  almost  throughout 
the  year.  Masses  of  this  sort  were  noted  on  July  22  in  the  upper 
Alatna  Valley  at  an  elevation  of  2,000  feet  and  bade  fair  to  remain 
throughout  the  season. 

POFUI^ATION  Ain>  SETTLEUEirrS. 

WHTTES. 

There  are  only  five  settlements  within  the  Noatak-Kobuk  region. 
These  are  Kotzebue,  on  the  coast;  Allakaket,  on  the  Koyukuk;  the 
Noatak  mission,  on  Noatak  River;  and  Shungnak  and  Kiana,  in  the 
Kobuk  basin. 

The  most  important  place  is  Kotzebue,  on  the  long  promontory 
that  separates  Hotham  Inlet  from  Kotzebue  Sound.  This  place  is 
the  seaport  for  the  entire  district,  and  is  normally  the  home  of  a 
missionary  and  family,  three  or  four  white  traders,  a  few  boatmen 
and  mechanics,  and  a  number  of  native  families.  After  the  break-up 
of  the  ice  in  the  spring,  however,  missionaries,  school-teachers,  pro&- 
pectors,  and  traders,  together  with  a  great  number  of  natives  from 
all  the  neighboring  rivers,  congregate  for  trading  and  fishing,  in 
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preparation  for  the  coming  winter,  so  that  during  July  a  thousand 
people  are  camped  for  2  or  3  miles  along  the  beach  or  in  the 
town.  Mail  service  from  Nome  is  maintained  by  boat  every  10  days 
during  the  summer  and  by  dog  sledge  once  a  month  during  the 
winter.  Travelers  from  Nome  may  reach  Kotzebue  by  the  gasoline 
sdiooner  which  serves  as  the  mail  boat.  The  trip  takes  about  three 
days,  as  stops  are  made  at  way  points,  and  the  chaises  in  1911  were 
S25  for  each  passenger  and  $20  a  ton  for  freight. 

As  has  akeady  been  stated,  Kotzebue  is  shut  off  by  ice  from  direct 
communication  with  the  outside  world  from  the  middle  of  September 
to  the  first  of  July.  Even  during  the  opoa  season  large  vessels  from 
the  States  can  not  approach  nearer  the  town  than  Cape  Blossom,  an 
unprotected  bluff  about  12  miles  to  the  south,  because  the  channel  ia 
so  narrow,  crooked,  and  shallow  that  it  is  not  nav^able  for  boats 
drawing  over  6  feet.  In  consequence  of  the  difficulty  of  approach, 
therefore,  most  goods  have  to  be  reshipped,  and  this  adds  to  the  cost 
of  the  freight.  SuppUes  of  good  quality  and  in  amounts  to  meet  the 
demand,  however,  can  be  obtained  at  the  stores  in  Kotzebue  at  prices 
but  little  in  excess  of  the  cost  of  the  same  in  Seattle  plus  the  freight 
charges. 

The  second  most  important  settlement  in  the  region  is  on  the 
Eoyukuk  at  Allakaket  and  at  Maisans.  Although  bearing  two  names, 
these  places  are  practically  one;  Allakaket  is  the  site  of  the  mission 
of  St.  John  in  the  Wildemees,  directly  opposite  the  mouth  of  the 
Alatna,  and  Marsans  is  the  trading  post  a  mile  downstream  on  the 
west  bank  of  the  Koyukuk.  Bergman,  which  used  to  be  an  impor- 
tant town  in  the  early  days  of  the  Eoyukuk  gold  excitement,  has  now 
been  abandoned. 

The  mission  is  the  home  of  a  missionary,  who  is  also  the  observer  for 
the  Weather  Bureau  and  the  Government  school-teacher,  and  around 
it  has  gathered  a  native  settlement.  The  number  of  natives  varies 
during  the  season,  and  few  of  them  have  built  permanent  houses  but 
live  instead  in  tents.  At  Marsans  there  ia  only  the  storekeeper  and 
his  family  and  a  few  natives.  As  this  post  had  been  but  recently 
installed,  a  complete  stock  of  goods  was  not  on  hand.  Prices,  how- 
ever, are  reported  to  be  reasonable  and  the  quality  of  the  articles 
good.  Communication  is  by  boat  during  the  short  summer  and  by 
an  overland  dog  sledge  route  that  reaches  the  Yukon  near  the  mouth 
of  the  Tanana  during  the  winter.  The  post  office  is  at  Bottles,  but 
mail  is  also  delivered  en  route.  The  nearest  telegraph  station  is  at 
the  Government  post  at  Fort  Gibbon.  The  first  boat  of  the  season 
seldom  reaches  Allakaket  much  before  Jidy  1,  and  the  last  steamer 
down  the  river  leaves  not  later  than  the  second  week  of  September. 

The  Noatak  mission  is  the  third  largest  settlement  in  the  region. 
It  is  located  on  the  west  bank  of  the  river,  about  50  miles  in  an  air 
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line  north  of  Kotzebue.  The  riyer  at  this  place  swings  against  a  bluff 
50  feet  in  height,  and  the  settlement  has  been  located  on  the  upland. 
Practically  the  only  white  people  at  the  mission  are  the  missionary, 
his  wife,  and  three  children,  but  a  native  population  of  a  score  of 
families  has  congregated  there,  and  many  of  them  have  built  per- 
manent log  cabins.  The  buildings  of  both  the  whites  and  the  natives 
are  substantial  and  well  made.  A  new  schoolhouse  was  planned  and 
was  probably  completed  before  the  winter  of  1911. 

On  the  Kobuk  are  two  small  settlements,  Shungnak  and  Kiana. 
Shungnak,  which  is  near  the  site  of  Stoney's  headquarters  at  Fort 
Cosmos,  is  a  small  settlement,  consisting  of  a  Friends'  mission,  school- 
house,  store,  and  the  usual  native  huts.  Formerly  it  was  the  head- 
quarters of  the  United  States  commissioner  and  recorder  for  the 
Noatak-Kobuk  precinct,  but  that  office  has  been  removed  to  Kiana. 
The  store  carries  only  a  small  stock  of  supplies  for  local  needs  and 
would  not  be  able  to  supply  a  large  district.  Several  prospectors  live 
within  3  to  15  miles  of  the  town  on  the  various  creeks,  but  there  are 
not  more  than  a  dozen  white  people  in  an  area  of  several  thousand 
square  miles. 

Kiana  is  a  small  settlement  at  the  junction  of  Squirrel  River  and  the 
E^obuk.  It  started  practically  with  the  discovery  of  gold  in  the 
vicinity  in  the  fall  of  1909,  although  a  native  village  had  been  located 
there  previously.  At  the  time  the  town  was  visited  in  August,  1910, 
it  consisted  of  about  a  score  of  log  cabins,  a  store,  and  restaurant,  and 
had  a  native  population  comprising  many  families.  It  is  understood, 
however,  that  during  the  winter  of  1910-11  two  more  stores  were 
opened,  the  recorder's  office  was  established,  and  several  more  houses 
were  built. 

In  addition  to  these  larger  settlements,  prospectors'  cabins  are 
scattered  here  and  there,  most  of  them  being  unoccupied.  The  topo- 
graphic map  (PI.  I)  shows  the  location  of  all  the  known  cabins,  but 
there  are  probably  others,  so  hidden  or  so  remote  from  the  route 
traveled  that  they  escaped  notice.  Many  of  the  cabins  are  in  good 
repair  and  might  afford  shelter  for  travelers.  The  deserted  cabins, 
however,  have  been  so  thoroughly  emptied  that  usually  no  supplies 
or  even  cooking  utensils  can  be  found  in  them.  The  only  isolated 
cabins  that  were  occupied  at  the  time  of  the  visit  by  the  Survey  geolo- 
gist, except  those  near  the  settlements,  were  on  Kutuk  and  Malemute 
rivers,  both  in  the  Alatna  River  basin. 

An  estimate  of  the  total  white  population  of  the  Noatak-Kobuk 
region  was  made  incidental  to  the  more  direct  objects  of  the  expedi- 
tions, and  although  little  accuracy  may  be  claimed  it  is  fairly  certain 
that  less  than  250  white  people  reside  within  the  basins  of  these 
streams. 
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NATITES. 

Eacb  of  the  larger  settlements  of  whites  has  on  its  outskirts  an 
encftmpment  of  natives  and  these  are  at  present  the  largest  native 
TiIlAges.  Kotzebue  is  the  largest  town,  and  here  natives  from  places 
on  the  coast  as  far  as  Cape  I^spenberg  and  Point  Hope  and  from  Buck- 
land,  Selawik,  Kobuk,  and  Noatak  rivers  meet  to  trade  and  fish, 
returning  to  tlieir  homes  in  the  fall.  At  AUakaket  natives  from  the 
Koyukuk  and  its  branches  congregate  with  those  from  the  Kobuk  and 
the  Colville, 

At  present  there  are  almost  no  native  settlements  remote  from  the 
Tillages  of  the  whites.  Here  and  there  are  isolated  huts  or  hunting 
lodges  used  by  one  or  more  families,  but  these  are  not  conunon. 
Fonneriy,  however,  there  were  large  native  settlements  in  the  more 
remote  parts.  Stoney  notes  that  on  the  Kutuk  in  the  Alatna  River 
Win  there  was  a  settlement  called  Nimiuk  (meaning  cottonwood) 
about  20  miles  above  the  mouth.^  Another  settlement  of  the  same 
name  was  described  by  the  same  writer  on  the  upper  part  of  the 
Noatak,  probably  near  the  camp  of  August  2  of  the  expedition  of 
1911.  This  was  reported  to  consist  of  four  huts  occupied  by  about  30 
natives  and  was  the  highest  village  on  the  Noatak.  McLenegan  does 
not  mention  passing  any  occupied  native  villages  in  his  trip  up  this 
river,  but  states  that ' '  the  greater  portion  of  the  inhabitants  reside  near 
the  extreme  headwaters  of  the  river,  to  which  place  they  repair  on  the 
approach  of  winter  *  *  *.  During  the  sunmier  months  they 
wander  up  and  down  the  river,  spending  much  of  the  time  in  fishing 
and  providing  for  the  needs  of  the  coming  winter.'*  * 

At  the  camp  of  August  7  several  abandoned  huts,  most  of  which 
liad  caved  in,  and  boat  frames  and  coverings  showed  that  the  site 
kad  once  been  the  home  of  a  considerable  native  settlement.  It 
was  evident,  however,  that  the  place  had  not  been  occupied  for 
many  years  except  by  passing  natives.  None  of  the  coast  natives 
remembered  any  permanent  settlement  at  this  place,  although  its 
location  was  well  known  because  of  the  peculiar  loop  of  the  river 
near  there,  which  they  called  Okuk,  meaning  tongue.  Farther  down- 
stream at  several  places  sites  of  old  native  settlements  were  seen, 
especially  near  the  camp  of  August  18  and  at  the  camp  of  August 
-3.  Below  the  camp  of  August  19  natives  were  met  almost  every 
day  traveling  in  their  skin  boats  homeward  to  the  mission. 

In  the  Kobuk  Valley  there  are  reports  and  indications  of  numer- 
ous old  settlements  of  natives,  but  at  the  present  time  outside  of 
the  native  villages  at  Shungnak  (or  Long  Beach,  as  the  native  town 

'  Btooey,  0.  M.,  NstaI  ezplontJoDS  in  Alaska,  AimapoUs,  1900,  p.  44. 

>KeL«n«gan,  B.  B.,  Exploration  of  the  Noatak  BlT«r,  Alaska:  Report  of  cruise  of  the  revenue-marine 
'^^VBs  (^rvtefai  the  Arotio  Ooean  in  the  year  1886,  WaahtagtoD,  1887,  p.  76. 
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is  called)  and  at  Eiana  there  are  only  two  that  deserve  mention, 
Oksik  and  Ealla.  The  former  is  situated  a  short  distance  below 
Squirrel  River,  near  the  place  where  the  Kobuk  divides  into  the 
northern  and  middle  channels.  It  is  reported  to  be  the  largest  town 
in  the  lower  part  of  the  river,  but  at  the  time  it  was  seen  by  the 
writer  most  of  the  inhabitants  were  at  Eotzebue.  Kalla  is  about  7 
miles  above  Shungnak  and  is  the  place  where  most  of  the  salmon 
fishing  in  the  upper  river  is  done.  The  natives  from  Shungnak  con- 
gregate there  in  August,  but  during  the  rest  of  the  season  it  is  prac- 
tically deserted. 

.  Of  the  old  villages  that  are  now  abandoned,  the  settlement  at  the 
mouth  of  Pah  River  was  probably  one  of  the  most  important.  Near 
Stoney's  old  camp  a  considerable  settlement  used  to  exist,  but  the 
place,  called  Riley  Camp,  is  now  practically  deserted  except  for  one 
or  two  families.  Stoney  mentions  a  village  in  the  headwater  region 
of  the  Ambler,  but  nothing  could  be  learned  of  its  existence  at  the 
present  time.  Scattered  camps  here  and  there  along  the  river  were 
noted,  but  few  of  them  indicated  long  occupancy  by  more  than  one 
or  two  families. 

In  all  the  writer's  experiences  with  the  natives  he  has  been  received 
with  the  greatest  cordiality,  respect,  and  interest.  The  older  men 
did  their  utmost  to  impart  their  knowledge  of  the  country  and  were 
skillful  in  describing  and  depicting  the  region  in  which  they  had 
traveled.  Their  abiUty  to  read  topographic  maps  and  their  delight 
in  recognizing  on  our  map  regions  that  they  had  visited  is  extraordi- 
nary. Physically  the  men  are  well  developed  and  active;  the  younger 
ones  are  interested  in  sports  and  games,  of  which  they  have  quite  a 
number.  The  women  are  not  so  active  and  age  early;  this,  however, 
does  not  prevent  their  carrying  babies  on  their  backs  and  at  the  same 
time  ''mushing"  the  dogs  when  tracking,  pulling  oars  when  in 
the  boat,  or  cooking,  fishing,  and  doing  other  work  when  in  camp. 
Mentally  both  sexes  are  alert  and  attentive,  although  their  lack  of 
knowledge  of  English  gives  them  on  casual  acquaintance  an  appear- 
ance of  stupidity. 

The  summer  is  a  particularly  unfavorable  time  to  make  an  esti- 
mate of  the  number  of  natives,  as  many  are  then  away  from  home. 
In  1901  Schrader  estimated  that  there  were  less  than  200  natives  in 
the  Eoyukuk  basin  and  of  that  number  only  a  small  part  should  be 
assigned  to  the  region  covered  by  this  report.  Petrof,*  in  the  cen- 
sus of  1880,  gives  the  population  of  the  Noatagamute  (people  of  the 
Noatak)  villages  inland  on  the  Noatak  River  as  400,  but  McLene- 
gan'  ''places  the  number  at  225,  which  it  is  thought  fully  covers 
the  total  population." 

>  Petiof,  I.,  Tenth  Census,  vol.  S,  p.  2.  *  McLenegan,  S.  B.,  op.  cit,  pp.  76-70. 
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1116  results  obtained  by  the  census  of  1910  have  not  yet  been 

published  in  such  form  as  to  show  the  number  of  natives  in  the 

different  villages  and  drainage  basins.    According  to  the  figures 

ayailaUe,  the  population  of  Kotzebue  was  193,  of  Noatak  village 

121,  and  of  Shungnak  210.    Natives  probably  constitute  at  least 

three-quarters  of  this  number,  and  it  is  doubtful  if  more  than  a 

hundred  others  Uve  within  the  limits  of  the  three  basins  treated  in 

this  report.     The  census  states  that  for  the  whole  of  Alaska  the 

density  of  population  is  one  person  to  each  10  square  miles  of  terri^ 

tory.    If  this  figure  is  correct,  it  is  probable  that  in  northwestern 

Alaska  the  ratio  is  not  much  over  one  person  to  40  square  miles  of 

territory. 

AKZXALS  AND  VXOBTATZON. 

ALATNA   RIVER  BASIK. 

In  the  southern  part  of  the  Alatna  basin  few  signs  of  game  were 
seen.  The  absence  is  probably  due  to  the  fact  that  the  natives  have 
long  hunted  in  this  part  and  have  gradually  killed  off  the  animals  or 
driven  them  into  less  accessible  regions.  In  the  fall,  however,  the 
filougbs  and  ponds  near  the  river  are  said  to  be  fairly  alive  with  ducks 
and  geese.  Farther  upstream  game  is  more  abundant  and  varied. 
Around  Lake  Takahula  ptarmigan  were  so  numerous  that  they 
might  be  relied  on  for  food.  At  other  places  still  farther  upstream 
ptarmigan  were  plentiful  and  were  sufficiently  large  by  the  middle  of 
July  to  be  eaten.  All  were  rather  wild  and  should  be  hunted  with  a 
shotgun  rather  than  with  a  rifle.  Toward  the  head  of  the  river  larger 
game  became  more  abundant.  Sheep  were  found  in  the  valley  of 
the  snuill  tributary  from  the  west  below  the  Kutuk,  and  prospectors 
report  that  sheep  are  also  plentiful  in  the  hills  at  the  head  of  the  Kutuk 
a&d  Xahtuk.  Other  bands  of  sheep  were  seen  in  the  hills  around  the 
Noatak- Alatna  divide  and  also  east  of  Alatna  River  near  the  camp 
of  July  22.  In  July  the  females  were  not  in  good  flesh,  but  at  that 
time  the  males  are  reported  to  be  in  their  prime.  Not  many  bears 
were  seen,  but  evidence  of  their  presence  was  conmion.  They  are 
reported  to  be  mainly  black;  the  only  ones  seen  were  of  this  color. 
Mendenhall  ^  states  that  moose  are  known  to  the  natives  as  far  north 
as  Chandler  Lake  in  the  Colville  drainage  basin,  but  no  moose  nor 
even  signs  of  them  were  seen  in  the  Alatna  basin. 

Fish  are  fairly  abundant  in  the  main  stream  and  its  tributaries. 
Sahnon  are  reported  to  be  caught  in  considerable  numbers  in  the 
lower  Alatna,  but  farther  upstream  grayling  and  whitefish  are  more 
abundant.  These  fish  are  caught  and  dried  by  the  natives  and  form 
an  important  part  of  their  winter's  food  supply.    Pike  were  shot 

^  MttdODhftU,  W.  C,  ReooonalMNioe  fhna  |>ort  0abUii  to  KoUeboe  Sound,  Alaska:  Prof.  Paper  U.  8. 
OwL  8iir?egr  No.  10^  1902,  p.  M. 
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along  the  border  of  Lake  Takahula  as  they  were  lying  in  the  xnarsh 
grass.  Suckers  were  caught  at  several  places  but  did  not  appear 
to  be  very  abundant.  In  Helpmejack  CSreek  grayling  were  so  numer 
ous  that  they  could  be  caught  nearly  as  rapidly  as  the  fly  was  dropped 
into  the  water.  It  is  abo  interesting  to  note  that  fish  were  very 
abundant  in  the  lakes  on  the  AlatnarNoatak  divide  at  the  camp  of 
July  25.  It  seems  impossible  that  they  could  have  reached  the  lakes 
by  swimming,  as  the  streams  in  their  upper  part  are  extremely  st^ep 
and  contain  almost  no  water.  It  is  believed  that  fish  are  sufficiently 
abundant  throughout  most  of  the  region  so  .that  they  could  be  relied 
on  to  furnish  food  for  travelers  and  prospectors  for  a  considerable 
time. 

The  v^etation  of  the  Alatna  Valley  is  typically  sub-Arctic  and 
Arctic  in  its  character.  In  the  lowlands  trees  and  bushes  are  plentiful, 
but  in  the  higher  regions  vegetation  gradually  disappears  upslope, 
until  on  the  peaks  and  the  crests  of  the  ridges  even  grasses  are  prac- 
tically absent.  Spruce  is  f oimd  along  the  valley  as  far  as  the  camp  of 
July  22,  and  its  general  distribution  is  graphically  shown  by  figure  1. 
In  the  southern  part  of  the  basiu  the  trees  average  10  to  12  inches  in 
diameter  and  extend  up  the  slopes  to  an  elevation  of  2,000  to  2,500  feet, 
but  the  diameter  of  the  trees  and  the  elevation  of  the  upper  border 
of  the  forested  zone  gradually  decrease  northward  imtil  at  the  camp 
of  July  20  the  diameter  of  the  trees  is  only  6  to  8  inches  and  even 
scattered  trees  do  not  extend  more  than  500  to  600  feet  above  the 
river.  The  northern  limit  of  trees  is  so  sharply  defined  as  to  make  a 
decidedly  abrupt  break  which  seems  to  have  been  controlled  by  some 
other  factors  than  temper atiu*e  and  elevation. 

The  general  appearance  of  the  vegetation  north  of  the  r^on  in 
which  spruce  grows  is  fairly  well  indicated  by  Plate  VII,  A,  a  view 
looking  north  from  the  camp  of  July  23.  Even  willow  and  alder  are 
scarce,  and  camp  sites  must  be  carefidly  chosen  in  order  to  get  suffi- 
cient fuel  for  cooking.  The  same  general  kind  of  v^etation  appears 
farther  downstream  in  the  small  tributary  valleys  and  above  the 
belt  of  trees  on  the  slopes  of  the  main  valley  walls.  In  these  treeless 
areas  numerous  brilliantly  colored  flowers  add  much  to  the  landscape; 
for  instance,  near  the  camp  of  July  18  the  eastern  hillside  for  an  area 
of  nearly  2  square  miles  was  so  ablaze  with  fireweed  that  the  color 
attracted  attention  for  many  miles.  Blueberries  and  cranberries 
are  also  abimdant  in  these  open  areas  and  form  important  additions 
to  the  available  local  food  supply. 

Grass  for  stock  is  sufficiently  abundant  for  traveling  pack  animals, 
but  the  amoimt  is  not  enough  to  permit  the  permanent  pasturage  of 
any  considerable  number.    Schrader,^  however,  states  that  a  horse  is 

1  Schrador,  F.  C,  A  reconnaiasance  in  northern  Alaska  acroas  the  Rocky  Monntaina,  along  KJoynknk, 
John,  Anaktavuk,  and  Colville  riv«n,  and  the  Arctic  coast  to  Cape  Lisbome,  in  1901;  Prot  F>pv  U.  8« 
QeoL  Survey  No.  20,  1904,  p.  20. 
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r^KHted  to  have  lived  at  large  and  secured  his  own  forage  during  the 
winter  of  1902-3  on  the  north  fork  of  Koyukuk  River  and  Maddr^i  ^ 
s&ys  that  in  1908  several  horses  wintered  on  the  ndddle  fork  of  the 


Koyukuk  and  were  in  good  condition  in  the  spring.  Owing  to  the 
early  frosts  and  the  watery  condition  of  most  of  the  grass,  feed  for 
stock  must  be  rather  carefully  sought.    The  grasses  growing  on  the 

1  Kaddren,  a.  n,  oral  oommnnlcntion. 
31*— BuU.  536—13 4 
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lower  hiU  slopes  and  the  horsetail  grass  (equisetum) ,  which  is  found 
in  well-drained  fertile  soils  on  bars  or  at  the  edges  of  open  spaces^  are 
relished  by  horses  and  seem  to  be  the  best.  Redtop  grass  is  par- 
ticularly abundant  around  old  cabins  and  settlements,  but  although 
it  grows  luxuriantly  it  does  not  seem  to  have  the  amount  of  nourish- 
ment that  the  tougher,  smaller,  less  abimdant  grasses  possess. 

NOATAK  BITEB  BASIN. 

Game  in  the  Noatak  region  is  on  the  whole  more  abundant  than 
it  is  in  the  Alatna  Valley.  Sheep  are  so  numerous  in  the  headwater 
mountains  that  natives  from  places  as  far  away  as  the  Kobuk  make 
annual  trips  to  them  for  their  winter^s  supply  of  meat.  Near  the 
camp  of  August  1  four  natives  from  the  Kobuk  were  met  on  such  a 
hunting  trip,  and  many  sheep  horns  discarded  by  other  himting  expe- 
ditions were  found  along  the  banks  of  Twelvemile  Creek.  Ipmiluik, 
the  name  of  the  river  that  joins  the  Noatak  near  the  camp  of  August 
1,  means  sheep,  and  refers  to  the  fact  that  this  is  the  route  foUowed  on 
the  journey  from  the  Kobuk  after  sheep.  On  the  hill  opposite  the 
mouth  of  Twelvemile  Creek,  near  the  head  of  the  Noatak,  sheep 
trails  are  so  numerous  that  the  zigzag  lines  can  be  seen  for  several 
miles.  Sheep  were  also  obtained  on  the  hill  on  the  south  side  of  the 
river  opposite  the  mouth  of  Midas  Creek.  Some  indications  of  bear 
were  seen,  but  none  of  these  animals  were  encoimtered.  Wolverine 
was  seen  in  the  valley  of  the  creek  leading  to  the  Alatna^Noatak 
portage.     Fox,  mink,  and  squirrel  were  also  seen. 

In  the  Aniuk  lowland  caribou  are  fairly  numerous,  and  natives 
from  the  lower  part  of  the  Noatak  as  well  as  from  the  Kobuk  make 
annual  hunting  trips  to  this  part  of  the  region.  Early  in  August  the 
bucks  are  in  prime  condition  and  have  been  so  little  hunted  that 
with  care  they  can  be  approached  without  alarming  them.  Fox, 
marten,  and  wolves  were  numerous,  judging  from  the  tracks  on  the 
sandy  and  muddy  shores.  Two  cross-foxes  were  seen  from  the  boat 
at  a  distance  of  only  25  to  50  feet.  Birds  did  not  seem  to  be  very 
numerous,  but  the  piles  of  ptarmigan  bones  aroimd  the  many  hawks' 
nests  that  were  examined  indicated  that  there  were  many  more  than 
we  had  suspected. 

In  the  second  highland  and  farther  downstream  caribou  and  sheep 
are  practically  absent  near  the  river;  bears,  however,  are  much 
more  numerous,  and  their  trails  can  be  found  on  almost  every  sand 
bar.  No  bears  were  seen,  but  from  the  size  of  the  footprints  it  is 
judged  that  they  are  mostly  the  brown  variety.  In  the  mission 
lowland  both  land  and  water  birds  are  much  more  numerous. 
Ptarmigan  in  flocks  of  10  to  50  were  found  in  the  low  country,  and 
ducks,  geese,  and  cranes  were  conmiencing  to  flock  for  their  migra- 
tion and  could  be  seen  on  the  lakes  and  sloughs  by  the  latter  part  of 
August.     Near  the  camp  of  August  23  birds  were  particularly  plentiful. 
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A  flock  of  35  crane  was  counted,  and  flocks  of  50  or  more  geese  were 
by  no  means  uncommon.  In  the  river  a  short  distance  above  this 
camp  and  for  a  considerable  distance  below  seal  in  great  numbers 
liy  in  the  shaQow  water,  looking  at  a  distance  like  masses  of  sand. 

The  fish  noted  in  the  Noatak  were  in  general  the  same  as  those  in 
the  Alatna.  Salmon  form  an  important  part  of  the  local  food  supply, 
wd  a  few  were  seen  on  the  drying  frames  at  the  native  camp.  Tliey 
were  not  very  ntimerous,  and  it  ia  believed  that  many  of  the  natives 
go  to  Kotzebue  to  catch  their  fish,  as  the  farther  the  fish  have  trav- 
eled in  fresh  water  the  poorer  they  are  said  to  be.  McLenegan  ^ 
noted  that  near  the  eastern  margin  of  the  second  highlands  there 
Wis  a  fishing  village  that  was  occupied  only  during  the  salmon  run. 
The  members  of  the  expedition  of  1911  were  able  to  shoot  so  much 
fresh  meat  that  they  spent  no  time  in  fishing  in  any  of  the  Noatak 
streams.  It  is  believed,  however,  that  these  streams,  like  most  of 
those  in  northern  Alaska,  have  grayling  and  trout  in  sufficient  num- 
ber to  be  of  considerable  value  to  prospectors  and  travelers. 

The  greater  part  of  the  Noatak  basin  is  timberless,  and  this  will 
nudce  the  development  of  the  region  difficult.  The  most  eastern  spruce 
in  the  Noatak  Valley,  as  shown  in  fiigure  1,  is  between  the  camps 
of  August  13  and  14.  At  this  place  trees  8  to  12  inches  in  diameter 
appear  along  the  well-drained  banks  of  the  river  as  a  narrow  fringe. 
Farther  downstream  spruce  may  be  found  almost  everywhere  in 
the  immediate  vicinity  of  the  river  to  a  point  a  short  distance  below 
the  camp  of  August  26,  at  the  mouth,  where  it  is  again  absent. 
Orer  much  of  the  swampy  lowland  back  from  the  streams  and  on  the 
hiD  slopes  timber  is  absent,  even  in  the  western  part  of  the  valley. 
^e  large  size  and  sturdy  growth  of  the  trees,  even  near  the  borders 
of  the  unforested  areas,  is  striking.  Fully  as  large  and  vigorous 
trees  were  seen  within  15  miles  of  the  extreme  eastern  limit  of  timber 
&s  anywhere  else  in  the  region,  although  the  place  was  fully  as  high, 
Bs  much  exposed,  and  had  a  soil  not  differing  radically  from  that  of 
the  neighboring  tracts.  That  the  frozen  condition  of  the  soil  is  not 
a  dominating  influence  is  shown  by  Plate  XII,  5,  where  a  good  stand 
of  spruce  may  be  seen  growing  almost  immediately  on  top  of  clear  ice. 

Although  spruce  or  other  large  trees  are  absent,  some  bushes  large 
Qiough  for  fuel  grow  even  in  the  headwater  portions  of  the  valley. 
Willow,  alder,  and  poplar  (cottonwood  and  balm  of  Gilead)  were  seen  in 
the  valley  above  the  camp  of  August  2,  and  farther  downstream  they 
Wome  more  abundant  and  larger.  In  places  the  poplars  are  6  inches 
^  diameter  and  20  feet  high.  These  bushes  are  used  by  the  natives 
on  the  upper  river  for  frameworks  for  their  huts.  After  the  frame 
^  been  woven  and  twisted  together  sods,  old  boat  coverings,  and 
oiW  materials  are  placed  on  top  and  chinked  with  earth  and  moss 
^  te  to  form  a  serviceable  shelter.     ^  places  fish  nets  are  made  from 

^  MoLtt^tt^  g  B.,  op.  dt,  p.  68, 
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twisted  fibers  of  willow,  which  is  used  by  certain  of  the  inland  natives 
for  all  purposes  for  which  twine  would  ordinarily  be  employed. 

Feed  for  stock  is  not  abundant  and  frost  comes  so  early  that  the 
season  during  which  animals  can  obtain  sufficient  forage  is  very  short. 
It  is  believed,  however,  that  the  supply  is  adequate  for  a  few  animals, 
such  as  a  Survey  pack  train  traveling  rather  rapidly  through  the 
country — but  not  sufficient  to  sustain  the  strength  of  the  animi^.la  for 
a  long  period.  Reindeer  moss  is  particularly  abundant  in  the  better- 
drained  lowland  areas,  especially  those  near  Aniuk  and  Cutler  rivers, 
and  on  the  hill  slopes  a  short  distance  back  from  the  coast.  These  hill 
slopes  have  been  used  as  the  feeding  ground  for  the  herd  of  reindeer 
introduced  by  the  Government,  which  ranges  between  the  mouth  of 
the  Noatak  and  Cape  Krusenstern. 

Berries  are  generally  plentiful'in  the  lowland  areas  and  form  an 
important  part  of  the  local  food  supply  of  both  natives  and  whites. 
Blueberries,  cranberries,  currants,  and  salmon  berries  are  most  abun- 
dant and  owing  to  the  cold  climate  can  be  picked  in  the  fall  and  kept 
through  the  winter  without  deterioration. 

KOBUK  BIVER  BASIN. 

Throughout  the  greater  part  of  the  surveyed  area  near  the  Kobuk 
game  is  not  plentiful.  Caribou  have  been  reported  in  the  region, 
but  none  were  seen  by  any  of  the  Survey  parties.  There  is,  however, 
a  herd  of  reindeer  in  the  vicinity  of  the  Sheklukshuk  HiUs,  and  it 
is  possible  that  some  of  the  stray  deer  have  been  mistaken  for  cari- 
bou. Bears  are  practically  the  only  large  wild  animals.  Those  seen 
were  black,  but  brown  bears  are  said  to  be  fairly  numerous  in  the  more 
remote  parts  of  the  basin.  Sheep  may  probably  be  found  in  the  head- 
water mountains,  though  the  fact  that  the  Kobuk  natives  make  trips 
to  the  head  of  the  Noatak  for  their  supply  of  this  meat  indicates  that 
these  animals  are  not  abundant  nearer  home.  Moose  are  reported 
to  have  been  found  in  the  Kobuk  Valley  in  the  early  days,  but  no 
signs  of  them  were  seen  by  Mendenhall  or  by  the  expedition  of  1910. 
Small  animals,  such  as  foxes,  marten,  mink,  and  lynx,  used  to  be 
fairly  common  but  are  yearly  becoming  scarcer.  Muskrats  are  very 
numerous  in  the  delta  portion  of  the  river. 

Ptarmigan,  spruce  hens,  ducks,  and  geese  are  the  birds  most  com- 
monly hunted  by  prospectors,  and  it  is  said  that  they  are  still  suffi- 
ciently numerous  to  be  relied  on  for  food.  The  land  birds  are  found 
mainly  in  the  Squirrel  River  to  Reed  River  province,  but  the  water 
fowl  are  most  abundant  in  the  delta.  Other  birds  are  common 
throughout  the  region.  A  fairly  complete  list  of  the  birds  observed 
in  this  region  has  been  prepared  by  Joseph  Grinnell.* 

1  OrlimoU,  Joseph,  Birds  of  the  KotseUae  Sound  region,  Alaska:  Cooper  Ornithological  Club,  Califoniia, 
YOL 1,  No.  1, 1900. 
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Fish  are  abundant  in  almost  all  the  streams.  Salmon  is  the  most 
important  as  a  food  supply.  These  fish  are  particularly  abundant  as 
far  up  as  Lake  Selby,  and  during  the  fishing  season  drying  frames  may 
be  seen  at  many  places  along  the  river.  In  the  central  part  of  the 
Eobuk  basin  the  main  native  fishing  camp  is  at  Kalla,  near  the  mouth 
of  Eollyoksok  Creek,  a  short  distance  above  Shungnak.  In  addition 
to  sahnon  a  large  white  fish,  known  to  the  natives  as  ''she/'  is  also 
obtained  in  the  Kobuk  and  in  some  of  the  larger  lakes  and  is  much 
prized  for  food.  Grayling  can  be  found  in  almost  all  the  side  streams 
and  mountain  brooks.  Trout,  probably  the  salmon  trout,  weighing 
as  much  as  3  or  4  pounds,  were  caught  near  Shungnak  and  are 
reported  from  many  of  the  neighboring  streams.  Mendenhall^ 
states  that  ''numbers  of  pike  are  caught,  especially  in  the  delta  of 
the  Kobuk  and  in  the  sloUghs  of  this  and  other  streams,  where  there 
is  but  little  current  and  water  plants  flourish." 

Timber  is  found  mainly  along  the  larger  streams,  and,  as  indicated 
in  figure  1,  does  not  extend  up  the  mountain  slopes  to  elevations  of 
more  than  2,000  feet  in  the  eastern  part  of  the  basin,  the  upper  limit 
gradually  decreasing  in  altitude  toward  the  west.  On  the  flats  in 
the  central  part  of  the  basin  trees  are  usually  absent,  except  in  scat- 
tered clumps  here  and  there  where  the  upland  is  not  too  swampy. 
In  the  lower  part  of  the  delta  trees  are  absent.  Spruce  and  birch 
are  the  only  trees  that  grow  to  sufficient  size  for  lumber,  and  only 
the  spruce  is  large  enough  for  cabin  logs.  Stoney '  notes  that  the. 
largest  spruce  tree  seen  by  him  in  the  entire  Kobuk  Valley  was  near 
Cofflnoe  Creek.  It  measured  80  inches  in  circumference  at  the  base 
and  68  incbes  at  a  height  of  6  feet  above  the  ground  and  was  80  feet 
tall.  This  was  an  unusually  large  tree,  however,  and  the  average 
spruce  does  not  exceed  a  foot  in  diameter.  The  birches  grow  on  the 
low  hillsides,  except  the  prostrate  variety,  which  occurs  high  on 
the  valley  sides.  Willows  and  alders  are  abundant  throughout  the 
basin,  except  high  on  the  ridges,  and  may  be  relied  on  as  sources  of 
fuel  where  trees  are  absent. 

Grasses  for  stock  are  found  on  the  lower  hill  slopes  and  on  the  low- 
lands. MendenhalP  notes  rye  grass,  blue  grass  or  red  top,  and  a 
variety  of  bunch  grass  as  the  more  usual  species.  The  grasses  flour- 
ish, particularly  in  the  neighborhood  of  old  settlements  and  camps, 
and  quickly  spring  up  in  burned-over  areas,  but  none  of  them  seem 
to  stand  frost  well,  for  all  appear  to  wither  and  lose  their  nutrimeafc 
as  soon  as  freezing  nights  begin.  Even  when  the  grass  is  unwithered 
it  is  very  watery,  and  the  stock  used  on  the  expedition  of  1910  grew 
constantly  weaker,  although  there  was  an  abundance  of  what 
appeared  to  be  good  grass. 

>  Meodflnhall,  W.  C,  ReoonnaiaBnoe  from  Fort  HamUi  to  Kotiobuo  Sound,  Alaska:  Prof.  Paper 
U.  8.  Oeol.  Sarvey  No.  10, 1902,  p.  &5. 

'  Stoney,  O.  Iff.,  Naval  ezplorationg  In  Aluka.  AnnapoUa,  1900,  p.  83. 
« MttdeahaU,  W.  C,  op.  cit,  p.  57.  "^ 
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Alatna  and  Noatak  rivers.  They  probably  also  form  a  large  part 
of  the  unexplored  highlands  between  the  Noatak  and  Kobuk  and 
between  Alatna  and  John  rivers.  In  the  unexplored  areas  east  of 
Buckland  River  and  south  of  latitude  67**  N.  there  are  probably  none 
of  these  rocks.  Little  is  known  of  the  region  north  of  the  Noatak, 
so  that  it  is  rather  unsafe  to  predict  the  Und  of  rocks  that  occur  in 
the  unexplored  tracts,  but  from  the  beet  evidence  at  hand  it  seems 
improbable  that  extensive  exposures  of  these  rocks  occur  north  of 
latitude  68"". 

The  rocks  therefore  generally  lie  in  a  belt  not  over  70  miles  wide, 
trending  east  and  west  in  the  eastern  part  of  the  Noatak-Kobuk 
region  and  then  swinging  rather  abruptly  until  in  Seward  Peninsula 
the  trend  is  nearly  north  and  south.  This  belt  is  closely  parallel  to 
the  marked  structural  trends  that  are  better  known  in  southern 
Alaska.  It  may  be  noted  here  that,  although  the  metamorphic 
rocks  have  the  surface  distribution  indicated,  they  may  also  occur 
deeply  buried  throughout  the  mapped  area.  Conversely,  in  those 
places  where  pronounced  folding  or  faulting  has  raised  certain  of  the 
overlying  rocks  high  above  the  present  plane  of  erosion,  these  older 
schists  may  outcrop  at  the  surface. 

LXTKOLOGXO  OSAXAOTSB. 

The  undifferentiated  metamorphic  rocks  cover  a  large  territory 
and  exhibit  a  correspondingly  wide  range  of  lithologic  character, 
but  are  a  unit  in  that  all  of  them  are  much  sheared  and  foUated  and 
are  schistose.  Dominantly  they  are  of  a  gray  or  grayish-green  color, 
though  black  and  brown  beds  are  here  and  there  found  where  car- 
bonaceous material  or  iron  oxides  are  abimdant.  The  schists  are 
not  strongly  resistant  to  weathering,  but  as  they  occur  in  the  axes  of 
greatest  deformation  they  usually  form  rugged  hills  which  have  had 
their  steepness  emphasized  by  relatively  recent  glacial  sculpturing. 

Numerous  subdivisions  of  the  undifferentiated  metamorphic 
schists  wiU  imdoubtedly  be  made  when  the  rocks  are  studied  in 
greater  detail.  Differences  in  chemical  composition  have  been 
"observed  and  afford  a  basis  for  separation  that  would  probably  have 
stratigraphic  value.  The  data  at  hand  are  not  sufficient  to  afford  a 
means  of  discriminating  the  various  facies,  but  a  statement  of  the 
several  types  may  be  made. 

Considered  as  to  size  of  grain,  the  rocks  may  be  divided  into 
schists  and  conglomerates.  The  schists  predominate  and  may  be 
still  further  divided  from  the  most  prominent  mineral  into  quartzose 
schists,  calcareous  schists,  carbonaceous  schists,  and  chloritic  schists. 

The  quartzose  schists  have  been  reported  everywhere  within  the 
area  of  the  metamorphic  schists.  As  the  name  implies,  these  rocks 
consist  dominantly  of  quartz.     Plate  YIII,  A^  shows  a  typical  expo- 


.    TYPICAL  OUTCROP  OF  SCHIST,  ALATN*  RlVEft. 


U.     SCHISTOSE  CONGLOMERATE 


METAHOBPHIG  SCHISTS.  57 

sore  of  the  quartzose  schists  in  the  central  part  of  the  Alatna  Valley 
and  might  be  duplicated  from  any  region  where  these  rocks  occur* 
The  quartzose  schists  are  usually  rather  fine  grained,  much  cleaved, 
and  show  a  considerable  development  of  foliate  minerals,  notably 
chlorite  and  muscovite.  Biotite,  however,  is  usually  absent,  except 
in  the  vicinity  of  granitic  intrusives.  The  schists  rarely  show  any 
originftl  bedding  structures,  but  two  or  more  secondary  cleavages  are 
by  no  means  uncommon.  Under  the  microscope  feldspar  fragments 
may  be  recognized  in  certain  sections,  but  they  are  of  small  size  and 
oongtitute  only  a  small  proportion  of  the  rock.  Gradations  between 
the  quartzose  and  other  phases  of  the  schist  have  been  seen  and  in 
such  places  the  quartzose  schists  take  on  more  and  more  the  char- 
acteis  of  the  other  facies. 

The  calcareous  schists  are  similar  to  the  quartzose  schists  in  gen- 
^  metamorphic  character,  but  contain  abundant  calcite  and 
notably  lees  quartz.  These  schists  range  from  rocks  of  rather  fine 
grain,  in  which  the  presence  of  calcite  can  be  detected  in  the  field 
only  by  the  use  of  add,  to  yellowish  rather  coarsely  crystalline  rocks 
composed  mainly  of  calcite,  with  scattering  flakes  of  chlorite  and 
mica.  The  latter  phase  appears  to  have  been  recrystallized  imder 
static  conditions;  its  original  structures  are  not  preserved,  and  it 
generally  shows  not  more  than  one  secondary  structure.  These  rocks 
appear  interlaminated  with  the  quartzose  schists  and  the  other  types. 
In  some  places,  however,  the  field  relations  are  such  as  to  suggest 
that  they  have  been  derived  through  the  dynamic  metamorphism  of 
limestones  that  were  originally  present  in  this  group.  Few  calcareous 
schists  were  noted  in  the  basins  of  John  or  Alatna  rivers,  but  they 
are  common  in  the  Kobuk  basin  and  in  Seward  Peninsula. 

Carbonaceous  schists  and  quartzites  have  been  reported  throughout 
the  area  of  metamorphic  rocks.  They  are  dominantly  quartzose, 
but  on  the  whole  seem  to  have  been  somewhat  less  sheared  than  the 
other  metamorphic  rocks.  In  many  of  the  specimens  the  carbo- 
Q&ceous  material  occurs  in  the  form  of  graphite,  but  in  others  it  is  in 
such  a  fine  dustlike  condition  that  its  specific  character  has  not  been 
detennined.  Many  of  the  carbonaceous  schists  and  slates  closely 
resemble  certain  of  the  Seward  Peninsula  rocks,  notably  the  Hurrah 
slate  ^  of  the  Solomon-Casadepaga  region  and  the  Kuzitrin  forman 
tion,'  dominant  in  the  central  part  of  the  peninsula.  In  most  places 
there  are  a  great  number  of  quartz  veins  and  lenses  in  the  carbo- 
^ceous  slates  and  quartzites  ranging  from  microscopic  filaments  to 
ii^asses  2  or  3  feet  in  width  and  traceable  for  several  hundred  feet 
^iong  the  strike. 

*  Smith,  P.  S.,  Geology  and  mineral  resouroes  of  the  Solomon  and  Casadepaga  quadranglaB:  BulL  U.  B. 
^^  Soz^  No.  433, 1908,  pp.  50-«2. 

*  CqUmt,  a  .  J.,  and  others,  The  gold  placers  of  parts  of  Seward  Peninsula,  Alaska:  BulL  U.  S.  Oeol.  Survey 
^0-328, 1906,  pp.  «^70. 
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The  chloritic  schists  are  not  so  distinct  as  the  others  enumerated 
and  are  probably  closely  allied  to  the  quartzose  schists.  They  con- 
tain relatively  less  quartz  and  proportionately  more  chlorite,  and 
in  extreme  examples  chlorite  is  practically  the  only  mineral  recog- 
nized macroscopically.  Under  the  microscope,  however,  quartz,  zoi- 
site,  a  little  calcite,  and  some  feldspar  may  be  recognized. 

Feldspathic  schists,  so  common  in  parts  of  Seward  Peninsula,  have 
not  been  foimd  in  any  large  quantity  in  the  Noatak-Kobuk  region, 
though  here  and  there  small  exposures  of  this  type  of  rock  have  been 
observed.  Qametiferous  schists  have  also  been  fotmd  but  sparingly. 
Mr.  L.  M.  Prindle,  who  spent  a  winter  in  the  central  part  of  the 
Kobuk  basin,  says  that  the  rocks  in  the  mountains  north  of  the 
Ambler-Kogoluktuk  lowland  are  in  places  highly  gametiferous. 

The  conglomerate  phase  of  the  undifferentiated  metamorphic  rocks 
has  been  observed  at  only  two  places — one  along  the  south  face  of 
the  Cosmos  Hills  near  Shungnak,  in  the  Kobuk  basin,  and  the  other 
nearly  north  of  this  place,  between  the  camps  of  August  3  and  August 
4,  on  the  Noatak.  The  conglomerate  in  the  Kobuk  locality  occupies 
a  strip  about  2  miles  wide,  trending  in  an  east-west  direction,  and 
dips  southward.  Although  the  relations  to  the  other  metamorphic 
rocks  are  not  perfectly  clear,  the  dip  indicates  that  the  conglomerate 
overlies  the  schists  and  slates  to  the  north.  Further  evidence  in 
support  of  this  view  is  afforded  by  the  fact  that  recognizable  pebbles 
of  black  slate  and  of  chloritic  schist,  together  with  numerous  quartz 
pebbles,  make  up  the  conglomerate.  These  pebbles  prove  by  their 
presence  that  schists,  slates,  and  quartz  veins  were  in  existence  and 
had  been  eroded  before  the  deposition  of  the  conglomerate,  and  they 
suggest  an  imconformable  relation  between  these  rocks  and  the 
conglomerate. 

Other  conglomerates  of  yoimger  age  wiD  be  noted  later,  but  it 
should  be  distinctly  imderstood  that  the  one  described  above  is 
thoroughly  sheared  and  schistose  throughout  its  extent  and  can  in 
no  way  be  explained  by  the  lesser  amount  of  deformation  to  which 
the  later  conglomerate  has  been  subjected.  This  may  be  clearly  seen 
by  reference  to  Plate  VIII,  B,  which  shows  three  specimens  of  the 
metamorphic  conglomerate.  Not  only  have  the  pebbles  composed 
of  the  softer  rocks  been  deformed  but  even  the  quartz  pebbles  (shown 
best  by  the  light-colored  portion  of  the  specimen  farthest  to  the 
right)  have  been  so  pulled  out  and  elongated  that  they  are  now  many 
times  their  original  length.  It  should  be  noted,  however,  that  the 
pebbles  shown  on  this  plate  by  no  means  represent  the  maximum 
distortion,  for  by  excessive  elongation  the  pebble  form  becomes  more 
and  more  obliterated,  so  that  j&nally  it  can  not  be  recognized.  There- 
fore, many  of  the  patches  of  quartz  of  no  definite  shape  or  distribu- 
tion seen  in  the  specimen  may  have  been  once  distinct  pebbles  but 
are  now  stretched  and  shattered  beyond  recognition. 
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The  schiatose  conglomerate  from  the  Noatak  was  not  seen  in  place 

but  was  found  only  as  float.     The  localized  distribution  of  this 

material,  the  lack  of  thorough  water  rounding,  and  the  size  and 

freshness  of  the  specimens,  all  suggest  that  the  float  had  not  been 

transported  far.    Lithologically  the  rock  is  identical  with  that  found 

in  the  Eobuk  basin,  but  it  contains  somewhat  less  vein  quartz  and 

israther  finer  grained. 

BTaxroTTnu. 

The  lack  of  detailed  studies  of  the  extremely  complex  BtrBJiiff^pkj 
of  the  undifferentiated  metamorphic  rocks  prevents  determination 
of  their  structure.  The  distribution  effected  by  the  most  recent 
diastiophic  movement  has  already  been  described,  but  the  structure 
tkt  preceded  this  stage  still  remains  undetermined.  That  there  were 
two  or  more  periods  of  diastrophism  before  the  one  that  produced 
the  present  major  structure  seems  clearly  indicated,  but  the  direction 
and  extent  of  Uiese  movements  is  unknown.  During  the  latest  pro' 
nounced  period  of  deformation  the  rocks  were  thrown  into  a  series 
of  east-west  folds  and  broken  by  faults  in  the  eastern  part  of  the  field, 
whereas  north-south  folds  and  faults  were  formed  in  the  western  part. 
Dislocations  having  an  enormous  throw  must  be  postulated  to  account 
for  the  observed  distribution  of  the  rocks,  and  abnormal  relations 
through  overturning  may  be  found  in  practically  ail  parts  of  the 
field.  The  relation  to  the  other  rocks  is  tlieref  ore  in  places  obscure 
or  antithetical  and  isolated  structural  observations  are  often  mis- 
leading. As  a  result  of  the  extremely  complex  structure  estimates 
of  thickness  are  little  better  than  guesses,  but  tens  of  thousands  of 
feet  of  strata  must  be  included  in  the  undifferentiated  schists. 

Although  it  is  impossible  to  express  the  major  structure  from  the 
facts  available,  the  smaller  structures  are  prominent  and  may  be  seen 
in  all  exposures  if  carefully  sought.  As  stated,  the  prominent  struc- 
ture everywhere  observable  is  cleavage.  So  strongly  marked  is  this 
feature  that  rarely  if  ever  is  the  origiual  structure  of  the  rock  deter- 
ininable.  In  many  exposures  not  only  one  but  several  structures  due 
to  deformation  are  visible.  Thus  it  is  no  uncommon  thing  to  see 
ti^amples  of  folding  and  shearing  of  earUer  cleavage  planes  by  later 
deformation.  This  feature  is  recognizable  even  in  Plate  VIU,  A,  and 
is  much  nxore  evident  in  the  actual  exposure. 

Faults  of  small  displacement  may  be  recognized  almost  anywhere, 
and  most  of  them  appear  to  be  of  the  thrust  type.  Larger  faults 
probably  occur,  but  the  absence  of  easily  recognizable  guide  horizons 
^  the  probability  of  unconformities  between  the  schists  and  the 
younger  rocks  make  precise  determination  of  the  amount  of  displace- 
ii^t  impossible  without  considerably  more  detailed  study.  Slick- 
<<^oding  along  the  fault  planes  is  common,  but  a  large  part  of  the 
^blocation  was  probably  taken  up  by  small  movements  along  the 
^vage  planes  and  therefore  the  amount  is  undetermined. 
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These  features,  as  stated  before,  are  recognizable  in  all  tbe  members 
of  the  undifferentiated  schists,  but  they  are  most  prominent  in  the 
quartzose  schists  and  least  so  in  the  calcareous  schists  and  in  the 
dark  carbonaceous  slates  and  quartzites.  This  difference  may  perhaps 
be  due  to  difference  in  the  age,  but  it  may  also  be  due  to  the  fact  that 
the  calcareous  schists  are  least  resistant  and  therefore  easily  readjust 
themselves  to  stresses,  whereas  the  carbonaceous  quartzites  and 
slates  are  more  resistant  and  therefore  withstood  deformation  best, 
and  the  quartzose  schists,  intermediate  between  the  two,  were  easily 
deformed  but  were  resistant  enough  to  preserve  more  traces  of  their 
earlier  condition. 

AAS  AVD  DITSBBSI^TXOVB. 

As  the  undifferentiated  metamorphic  schists  comprise  a  great 
thickness  and  variety  of  rocks,  they  probably  have  a  considerable 
range  in  age.  No  fossils  have  been  found  in  these  rocks  and  therefore 
their  age  must  be  determined  by  analogies  and  inferences.  Unfor- 
tunately, most  of  the  rocks  that  are  closely  associated  with  the  schists 
are  also  unfossiliferous,  so  that  many  of  the  correlations  rest  on 
analogies  with  areas  far  away,  and  in  a  region  having  a  structure 
so  complex  as  that  of  the  Noatak-Kobuk  region  these  analogies  are 
liable  to  lead  to  considerable  error.  In  Seward  Peninsula  the  sup- 
posed equivalent  schists  underlie  rocks  of  known  Qrdovician  age  and 
probably  underlie  Cambrian  rocks  unconformably,  if  judged  by  the 
difference  in  physical  character.  On  John  River  Schrader's  section 
shows  the  Totsen  ^'series,''  that  is  the  equivalent  of  the  undiffer- 
entiated metamorphic  rocks  farther  west,  overlying  limestones  (the 
Skajit  formation)  containing  indistinct  fossUs  that  are  stated  to  be 
not  older  than  Silurian  nor  yoimger  than  Carboniferous.  Brooks, 
however,  says:* 

The  contact  between  these  rocks  and  the  Skajit  was  not  exposed,  but  Schiader 
appears  to  have  regarded  the  Totsen  as  the  younger,  though  his  statements  on  this 
point '  are  not  entirely  in  accord.  The  evidence  presented  might  ahnost  equally  well 
be  interpreted  as  indicating  that  the  Totsen  underlies  the  Skajit. 

On  Alatna  River  the  schists  underlie  unconformably  a  similar 
limestone  and  therefore  are  older  than  the  Skajit  formation.  On 
Dahl  Creek  in  the  Kobuk  basin  the  schists  underlie  a  limestone  that 
presumably  is  late  Paleozoic,  as  fossils  similar  to  those  in  the  Devonian 
and'  Carboniferous  limestones  of  Seward  Peninsula  are  found  in  the 
float  that  probably  came  from  the  limestone.  On  the  Noatak  the 
evidence  of  age  of  the  schists  rests  on  the  correlation  of  the  limestones 
similar  to  those  exposed  on  Alatna  River.  The  schists  are  certainly 
older  than  the  limestones,  but  nowhere  are  the  higher  rocks  fossilif- 
erous. 

i  Brooks,  A.  H.,  Qeognphy  and  geology  of  Alaska:  Prof.  Paper  U.  S.  OeoL  Survey  No.  45, 1906,  p.  215. 
>  Schrader,  F.  C*  A  reoonnaissance  in  northern  Alaska:  Prof.  Paper  U.  8.  GeoL  Surrey  No.  20, 1904,  pp. 
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lliere  will  be  occasion  to  refer  later  to  the  age  of  these  limestones 
and  to  point  out  that  probably  they  are  of  Paleozoic  age.  For  the 
present,  however,  no  more  definite  statement  of  the  age  of  the  schists 
ean  be  made  than  that  they  probably  were  formed  not  later  than  the 
early  Paleozoic  and  possibly  as  much  earlier  as  the  pre-Paleozoic. 
This  determination  is  necessarily  vague,  but  it  suggests  the  correla- 
tioQ  of  these  undiiSerentiated  metamorphic  rocks  with  the  schistose 
rocks  in  the  lower  part  of  the  Nome  group  or  with  the  Kigluaik  group 
and  Kuzitrin  formation  of  Seward  Peninsula,  with  portions  of  the 
Birch  Creek  schist  of  the  central  part  of  the  Yukon  basin,  and  with 
the  '^ Rapids,"  ''Lake/'  and  amphibolite  schists  of  the  Chandalar- 
Kojukuk  region,  not  to  mention  other  areas  more  remote. 

UNDIFFEBENTIATBD  PALEOZOIC   LIMESTONSS. 

I>»TBIBTmOV. 

The  undifferentiated  Paleozoic  limestones  are  widely  distributed 
throughout  the  Noatak-Kobuk  region.  Plate  II  shows  graphically 
the  places  where  these  rocks  have  been  recognized.  From  this  map 
it  may  be  seen  that  there  are  four  more  or  less  distinct  large  areas  o^ 
these  rocks  together  with  many  smaller  ones.  The  four  main  areas 
are  m  the  central  part  of  John  and  Alatna  River  basins,  in  the  head- 
waters of  the  Noatak,  in  the  Igichuk  Hilb  of  the  lower  part  of  the 
Xoatak  basin,  and  in  Seward  Peninsula.  The  smaller  areas  are  most 
numerous  in  the  Cosmos  Hills  north  of  Shungnak  and  in  the  hills 
near  the  pass  between  the  Kobuk  and  the  Alatna.  It  is  not  intended 
by  thus  separating  the  areas  of  undifferentiated  limestones  to  imply 
that  subsequent  investigation  may  not  demonstrate  that  they  are 
continuous  or  that  some  of  them  are  the  equivalent  of  certain  differ- 
entiated formations  or  groups.  In  each  of  the  areas  the  undifferen- 
tiated Paleozoic  limestones  show  certain  distinct  features  which  make 
it  desirable  to  treat  the  lithologic  character,  structure,  and  age  of 
these  rocks  in  each  area  separately  and  this  plan  wiU  be  adopted  in 
the  following  pages. 

UTKOLOOZC  OHABACTXa. 

The  Paleozoic  limestone  on  John  River '  is  described  by  Schrader 
asa— 

^▼y-bedded  ciyBtalline  limestone  and  mica  schist.  Weathered  sur&cee  parallel 
*ith  the  bedding  and  planes  of  movement  and  crushing  present  a  silvery  sheen  due 
to  the  presence  of  mica,  while  some  layers  gnule  wholly  into  a  mica  schist.  On  a 
iitth  inctore  eaxiBce  the  limestone  is  found  to  be  highly  crystalline,  g^ierally  fine 
or  medium  grained,  and  of  impure  white  or  bluish-gray  color,  the  latter  apparently 
^teooting  the  more  dolomitic  phases  of  the  rock.  It  weathers  to  a  dirty  gray  or  light 
'^^^0'^,  sometimes  tinged  with  red. 

On  Alatna  River  very  similar  limestones  occur  between  the  camp 
of  July  10  and  the  mouth  of  the  Pingaluk.     In  places  the  limestone  is 

1  SchTBdcr,  F.  C,  op.  dt,  p.  M. 
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dark  and  has  bluish-white  bands;  m  others  it  is  grayish  and  has 
been  somewhat  silicified;  and  in  still  others  it  is  brownish  and 
weathers  to  a  sugary  sand.  No  dolomitic  horizons  were  recognized. 
Mica  is  recognizable  in  all  of  these  phases  and  in  places  is  so  abundant 
that  the  rock  might  be  characterized  as  a  calcareous  schist.  Locally 
the  limestone  has  been  cut  by  greenstones  and  tremolite  and  other 
contact-metamorphic  minerals  have  been  formed. 

Plate  IX,  A,  a  view  of  the  hill  east  of  Alatna  River  near  the  camp 
of  July  10,  illustrates  the  characteristic  topography  of  the  bare  white 
hills  to  which  the  limestones  give  rise. 

North  of  the  Kutuk  on  Alatna  River  another  band  of  limestones, 
about  2  miles  wide,  trends  east  and  west.  On  weathered  exposure 
the  limestone  appears  quite  brown  but  on  fresh  fracture  is  dark 
gray  and  rather  less  crystalline  and  schistose  than  the  limestone  to 
the  south.  This  seems  to  be  the  eastern  continuation  of  the  lime- 
stone that  occurs  in  the  headward  part  of  the  Noatak.  In  the  latter 
basin,  however,  the  rock  is  somewhat  more  schistose  and  is  usually 
darker  on  fresh  fracture.  Plate  IX,  B^  which  shows  a  near  view  of 
this  limestone  a  short  distance  below  the  camp  of  August  4,  illustrates 
the  general  physical  character  of  the  rock.  Bedding  is  but  poorly 
preserved,  the  dominant  structure  being  cleavage.  Here  and  there, 
however,  the  bedding  may  be  recognized,  as  may  be  seen  in  Plate  XIV, 
A  (p.  122),  a  view  of  an  outcrop  a  short  distance  below  the  camp  of 
August  1,  which  will  be  described  in  somewhat  greater  detail  later. 
The  hammer  handle  is  parallel  with  the  bedding;  the  more  prominent 
structure  nearly  at  right  angles  to  this  direction  is  cleavage  developed 
by  the  recrystaUization  of  the  limestone.  Some  scattered  sulphides 
occur  in  the  limestone  in  well-formed  crystals.  These  on  weathering 
stain  the  rock  brown  and  give  rise  to  most  of  the  local  variations  in 
its  color. 

East  of  the  camp  of  July  28,  near  the  base  of  the  limestone,  there 
is  a  reddish  limestone  somewhat  less  schistose  and  more  sandy  on 
weathered  surfaces  than  elsewhere.  In  the  gravels  of  the  large  stream 
from  the  south,  a  short  distance  above  the  camp  of  July  3 1 ,  many  pieces 
of  float  were  found  having  indistinct  cylindrical  tubes  of  white  color 
in  a  dark,  nearly  black  limestone,  suggesting  nearly  obliterated  corals. 

The  rocks  of  the  Igichuk  Hills  have  been  provisionally  classed 
with  the  undifferentiated  Paleozoic  limestones  on  account  of  lack  of 
specific  data  and  the  absence  of  features  characteristic  of  certain  of 
the  known  limestones.  These  rocks  are  considerably  deformed,  and 
in  places  present  schistose  phases  with  original  structures  practically 
unrecognizable.  Dolomites  are  practically  absent  and  the  rocks  are 
recrystallized  limestones  of  blue-gray  to  white  color.  Some  sparsely 
disseminated  sulphides  are  occasionally  found  and  in  places  on 
"''^'^thering  out  have  given  the  surface  of  the  limestone  a  honey- 
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combed  appearance.  Little  or  no  silicification  was  observed  in  the 
rocks  and  there  were  no  minerals  of  contact-metamorphic  origin. 
The  general  appearance  of  these  rocks  is  fairly  well  shown  by  Plate  IV, 
A  (p.  28). 

In  Seward  Peninsula  the  undifferentiated  Paleozoic  limestones  have 
been  most  carefully  studied  by  Moffit  and  from  his  report^  the 
following  description  is  abstracted: 

Northeast  of  the  Aases  Ban  is  an  area  of  about  35  square  miles  [the  laigeet  limestone 
area  shown  in  the  extreme  southwestern  portion  of  PI.  II],  made  up  chiefly  of  white 
maibles  much  sheeted  and  sometimes  schistose,  which  appear  as  smooth,  rounded 
domes,  bare  of  moss,  and  therefore  affording  good  footing  to  the  traveler.  Long 
ladiatiiig  needles  of  tremolite  are  not  uncommon,  but  otherwise  the  limestone  is 
generally  ahnost  pure.    ♦    ♦    ♦ 

Black  graphitic  varieties  [of  limestone]  are  not  uncommon,  especially  in  the  Inma- 
cfauk  and  Goodhope  River  region. 

The  smaller  areas  of  undifferentiated  Paleozoic  limestones  in  the 
Kobuk  and  Alatna  basins  require  no  special  description,  as  they  are 
formed  of  rocks  essentially  similar  to  those  already  described.  On 
the  whole,  judging  from  the  descriptions  of  Mendenhall,  the  lime- 
stones appear  to  be  in  somewhat  narrower  belts  and  to  be  more 
interlaminated  with  schists.  It  is  by  no  means  certain,  however, 
that  this  interlamination  represents  depositional  differences,  as  it 
may  be  due  either  to  infolding  or  to  regional  metamorphism. 
Although  most  of  the  bands  of  limestone  are  thinner  than  those 
already  described  the  indefinitely  located  limestone  area  on  Reed 
River  is  only  part  of  a  considerable  exposure  of  this  rock,  the  bounda- 
ries of  whidi  could  not  be  determined  because  of  their  distance  from 
the  observer. 

BTBUOTtmS. 

Enough  has  already  been  said  to  show  that  all  the  undifferentiated 
Paleozoic  limestones  have  been  considerably  deformed  and  the  domi- 
nant structure  is  secondary.  Cleavage  rather  than  bedding  is  the 
structure  observed  and  only  in  areas  where  the  structure  is  excep- 
tionally well  preserved  is  the  original  bedding  recognizable.  For 
this  reason,  in  attempting  to  determine  the  general  stratigraphy,  the 
areal  distribution  must  be  considered  far  more  important  than  the 
observations  made  on  minute  structural  features.  Furthermore, 
observation  from  a  distance  usually  does  not  disclose  the  true  con- 
dition, and  structure  that  appears  simple  at  a  distance  becomes 
more  and  more  complex  the  closer  it  is  investigated.  This  fact  has 
already  been  shown  by  certain  of  the  foregoing  illustrations  and  is 
emphasized  by  others  introduced  later  (PL  X,  B,  for  instance). 

The  major  structure  of  the  undifferentiated  limestones  corresponds 
to  the  general  east-west  trend  in  the  eastern  part  of  the  field  and  the 

1  lioAt,  F.  H.,  PUrliaTen  gold  piMen,  S«wvd  Feniiunlft,  Alaska:  BolL  U.  8.  G«oL  Sorrey  No.  M7, 
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north-south  trend  in  Seward  Peninsula,  already  noted  under  the 
head  of  the  ''Undifferentiated  metamorphic  schists.''  The  lime- 
stones, however,  show  by  their  continuity  and  areal  distribution  that 
they  have  not  been  subjected  to  the  same  amount  of  diastrophism  as 
the  schists;  in  general,  they  seem  to  occur  as  infolded  or  infaulted 
synclines  and  are  unconformable  on  the  undifferentiated  schists. 
This  structure  is  rather  clearly  indicated  in  the  two  belts  of  limestone 
in  the  central  part  of  Alatna  River  valley.  At  the  southern  mai^gLn 
of  this  area  the  strike  of  the  schists  is  nearly  north  and  south  and  the 
dip  is  steep  and  variable  to  the  east  and  west,  whereas  the  limestones 
trend  nearly  east  and  west  and  dip  steeply  north.  At  the  northern 
border  the  structure  is  not  satisfactorily  exposed,  although  the  dip 
seems  in  general  to  be  northward,  as  though  the  schists  to  the  north 
overlie  the  limestone.  Here  and  there,  however,  southward  dip>s 
were  observed  and  an  overturned  structure  is  suggested.  Still  far- 
ther north  the  narrow  belt  of  limestone  dips  north  on  the  southern 
side  of  the  area  and  south  farther  upstream,  indicating  a  syncline,  a 
structure  which  is  confirmed  by  the  fact  that  in  several  places  farther 
north  the  limestone  caps  the  hills  and  the  schists  form  the  lower 
slopes. 

The  structure  of  the  limestone  belt  in  the  upper  part  of  the  Noatak 
r^ion  is  exceedingly  complex  and  has  not  been  satisfactorily  deter- 
mined. The  general  dip  is  apparently  northward,  but  with  folding 
so  intricate  as  that  shown  in  Plate  X,  B^  which  represents  an  exposure 
between  the  camps  of  July  31  and  August  1,  the  true  structure  can  be 
demonstrated  only  by  detailed  studies.  Furthermore,  the  rocks  in  the 
hills  north  of  Midas  Creek  (camp  of  August  2)  dip  south  at  high  angles, 
whereas  the  limestones  on  the  Noatak  a  short  distance  above  that 
creek  dip  north,  so  that  the  inferred  fault  that  exists  between  the  two 
places  makes  satisfactory  proof  of  the  structure  impossible,  and  the 
rocks  farther  west  are  covered  by  a  mantle  of  alluvium. 

The  observations  made  in  the  Igichuk  Hills  are  not  sufiiciently 
extensive  to  determine  the  major  structure  of  the  limestone  in  that 
area.  The  rocks  are  intensely  deformed  and  the  dips  are  so  nearly 
vertical  and  their  directions  change  so  unsystematically  from  place 
to  place  that  the  only  generalization  possible  is  that  the  rocks  are 
nearly  on  edge  and  probably  form  a  much  shattered  and  faulted 
synclinorium. 

The  structural  features  of  the  limestones  of  Seward  Peninsula 
present  some  anomalies  that  can  be  explained  only  by  further  field 
investigation.  Moffit^  states  that  some  of  the  massive  limestones 
appear  to  have  been  thrust  up  through  the  overlying  schists,  possibly 
during  granitic  intrusions.  The  writer  has  not  seen  this  feature  and 
feels  some  hesitation  ia  accepting  Moffit's  conclusion  because  of  the 

ilCoffit,  F.  H.,  op.  eit,  p.  21. 
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mediAnical  difficulties  involved  and  the  lack  of  definite  proof  of  the 
stotigraphic  relation  of  the  schists  and  limestones. 

Small  structural  features  recognized  in  the  undifferentiated  lime- 
stones are  faulting,  brecdation,  recrystallization,  and  cleavage.  The 
last  two  have  already  been  sufficiently  described.  Brecciation  is 
ccsnmon  and  gives  rise  to  a  peculiar  mottled  appearance,  caused  by 
the  fragments  of  noncrystallized  origiaal  black  limestone  being 
onbedded  in  later  infiltrated  white  crystalline  calcite.  Much  of  the 
Iffocciation  appears  to  have  been  effected  by  shattering  unaccom- 
panied by  any  considerable  movement.  Faulting  on  a  small  scale 
my  be  seen  in  many  of  the  outcrops.  The  data  for  determining 
the  amount  of  dislocation  that  has  taken  place  are  usually  obscure 
except  for  faults  of  small  throw.  Along  many  of  the  larger  faults 
the  limestone  has  so  flowed  imder  pressure  and  then  recrystallized 
that  the  evidence  of  movement  is  in  large  measure  masked. 

AGS  AVD  nrT»ltWKT.ATIOini. 

The  Paleozoic  limestone  on  John  River  contains  indistinct  fossils^ 
which  Prof.  Charles  Schuchert  identified  as  "  having  the  ventral  valve 
of  a  brachiopod  of  the  order  of  Meristina  and  Meristella  and  also  resem- 
bling a  transverse  Seminula.  This  kind  of  shell  indicates  that  the 
rock  can  not  be  older  than  Upper  Silurian  and  not  younger  than 
Ix)wer  Carboniferous."*  Owing  to  an  error  in  assigning  the  Carbon- 
iferous limestone  or  Lisbume  limestone  in  the  John-Anaktuvuk  sec- 
tion to  the  Devonian,  and  to  the  fact  that  the  so-called  Skajit  formsr 
tion  was  more  disturbed  and  metamorphosed  than  the  Lisbume, 
Schrader  provisionally  referred  the  Skajit  to  the  "Upper  Silurian" 
(Silurian).  The  difference  in  amount  of  metamorphism  is  not 
conclusive  evidence,  for  the  deformation  seems  to  become  progres- 
sively less  toward  the  north.  Schrader  in  his  published  report  made 
no  distinction  between  the  rocks  underlying  the  Lisbume  limestone 
uid  those  supposed  to  overly  the  Skajit  formation.  Studies  in  the 
Alatna  River  basin  indicate  that  the  equivalent  of  the  Skajit  formsr 
tioQ  overlies  the  schist,  and  from  a  reexamination  of  Schrader's  notes 
it  was  found  that  the  rocks  underlying  the  Lisbume  limestone  are 
^  schistose  than  those  supposed  to  overlie  the  Skajit.  It  is  there- 
fore a  problem  whether  or  not  the  Skajit  and  the  Lisburne  should  be 
^rrelated.  The  only  fact  opposed  to  such  a  correlation  is  the 
absence  below  the  Skajit  on  John  and  Alatna  rivers  of  the  sandstone 
^d  shale  series  which  underlies  the  Lisbume  limestone  on  the  John 
uid  Anaktuvuk.  This  absence  may  be  accounted  for  by  faulting, 
V  nondeposition,  or  by  the  metamorphism  of  tlie  sandstones  and 
^es  into  the  undifferentiated  metamorphic  schists.  In  view, 
however,  of  the  absence  of  specific  proof  and  the  fact  that  other 

1  Sebndv,  F.  C,  op^  dt,  p.  67. 
31*>~Bull.  636—13 5 


66  THE  NOATAK-KOBUK  BEGION^  ALASKA. 

limestones  are  known  in  the  stratigraphic  column  in  northwestern 
Alaska  it  has  seemed  unwise  at  present  to  do  more  than  suggest  the 
possible  equivalence  of  the  Lisbume  and  Skajit  formations. 

The  Skajit  formation  and  the  most  extensive  limestone  on  AWtna 
River  are  so  nearly  similar  that  no  doubt  is  felt  that  the  two  are  the 
same.  Furthermore,  there  seems  to  be  little  room  to  doubt  that  the 
thinner  band  to  the  north  on  Alatna  River  is  also  the  same  limestone, 
having  the  same  relation  to  the  underlying  schists.  When  traced 
westward,  however,  into  the  Noatak  basin  this  same  belt  shows 
certain  features  that  throw  a  little  more  light  on  the  interrelations. 
It  has  already  been  noted  that  indistinct  coral-like  tubes,  partly  oblit- 
erated, that  are  found  in  creek  gravels  near  the  camp  of  July  30  are 
similar  in  general  character  to  those  found  in  the  Carboniferous  or  De- 
vonian limestones  of  parts  of  Seward  Peninsula.^  Furthermore,  near 
the  camp  of  August  1  (see  PI.  X,  B) ,  these  limestones  overlie  a  series 
of  sandstones  that  are  indistinguishable  from  and  are  correlated 
with  the  Carboniferous  sandstones  to  be  described  later.  It  is  true 
that  in  this  place  the  structure  is  exceedingly  complex,  and  schistose 
rocks,  sandstones,  and  limestones  occur  together  in  a  confused 
manner.  The  sandstones,  however,  are  perfectly  distinct  and  do 
not  seem  to  merge  with  the  schists.  They  appear  to  be  equivalent 
to  the  sandstones  described  by  Schrader  as  immediately  adjacent  to 
the  Ldsbume  limestone^  and  to  the  sandstones  that  will  be  described 
later  as  underlying  the  Carboniferous  limestone  in  the  western 
part  of  the  Noatak  basin. 

Though  the  possible  correlation  of  these  limestones  with  those  of 
Carboniferous  age  is  thus  emphasized,  the  fact  must  not  be  lost  sight 
of  that  the  evidence  at  hand  is  capable  of  other  interpretations,  and  the 
uncertainty  of  the  correlation  suggested  is  so  keenly  felt  that  it  has 
been  deemed  expedient  to  indicate  the  doubt  by  distinguishing  on 
the  map  the  known  Ldsburne  limestone  from  these  other  rocks. 

The  age  of  the  limestones  of  the  Igichuk  Hills  is  uncertain.  No 
fossils  have  been  found  in  them  and  their  physical  features  do  not 
distinguish  them  from  several  other  thick  limestone  members  in 
northern  Alaska.  Their  outcrops  where  examined  were  so  sur- 
rounded by  deposits  of  recent  alluvium  that  little  of  the  general 
relations  could  be  determined.  Near  the  lower  gorge  of  the  Noatak, 
where  Carboniferous  rocks  were  exposed,  there  were  some  dolomites 
that  suggested  by  their  physical  characters  correlation  with  the 
Silurian  dolomite  of  Seward  Peninsula.  Their  close  relation,  how- 
ever, with  the  Carboniferous  rocks  and  the  fact  that  dolomitic  beds 
of  considerable  thickness  occur  in  places  in  this  series  in  Seward 

1  Smithy  P.  S.,  and  BaUn,  H.  U,,  op.  clL,  p.  4& 
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Peninsula  renders  this  correlation  doubtful.  The  limestone  of  the 
Igichok  Hills  certainly  appears  to  lie  unconformably  above  schistose 
rocks  which  are  similar  in  general  aspect  to  those  occurring  on  Alatna 
RiTer  and  in  the  headwaters  of  the  Noatak  and  which,  from  their 
hthologic  character  and  topographic  expression,  appear  to  be  equiva- 
lent to  them. 

In  discussing  the  age  of  certain  rocks  of  northeastern  Seward  Pen- 
insula, Moffit  ^  states  that  'Hhe  massive  limestones  mentioned  above 
should  probably  be  correlated  with  the  Harris  Creek  and  Baldy 
Mountain  limestones."  Kindle'  subsequently  determined  that  the 
limestones  of  Baldy  Mountain  and  Harris  Creek  are  CarboniferouSi 
but  owing  to  uncertainties  of  correlation  and  the  different  interpre- 
tatimis  of  the  structure  the  suggested  correlation  should  not  be 
accepted  without  further  investigation,  for  limestones  of  Ordovician, 
Silurian,  and  Carboniferous  age  occur  in  close  proximity. 

Of  the  limestones  forming  the  small  scattered  areas  in  various  parts 
of  the  Noatak-Kobuk  region  the  only  suggestion  as  to  age  is  afforded 
by  the  limestones  at  the  head  of  Dahl  Creek,  near  Shungnak  in  the 
Kobuk  basin.  In  the  float  in  the  central  part  of  this  valley,  not  far 
from  an  outcrop  of  a  downfaulted  block  of  limestone,  indistinct  corals 
were  found  in  a  limestone  bowlder.  These  were  too  poorly  preserved 
to  permit  specific  determination,  but  were  of  precisely  the  same 
appearance  as  fossils  collected  in  1909  from  the  limestones  along  the 
eastern  flanks  of  the  Darby  Range  in  southeastern  Seward  Peninsula, 
which  were  identified  as  Devonian  or  Carboniferous.'  Another  simi- 
larity between  these  limestones  and  those  of  Seward  Peninsula  is  the 
strong  petroliferous  odor  they  emit  when  freshly  broken.  The  lime- 
stones having  these  particular  characteristics  were  dark,  nearly  black, 
with  interlaminated  bluish-white  bands,  the  whole  somewhat  crys- 
talline. 

To  sum  up  the  question  as  to  the  age  of  the  undifferentiated  lime- 
stones, it  is  evident  that,  as  is  implied  in  their  name,  they  may 
mclude  several  limestones  of  different  ages.  Although  the  evidence 
is  not  conclusive,  there  are  reasons  for  believing  that  some  are  equiva- 
lent to  the  late  Paleozoic  limestones.  It  seems  fairly  certain  that 
the  limestones  as  a  whole  are  younger  than  the  undifferentiated  meta- 
morphic  schists  as  a  whole.  Although  by  no  means  proved,  it  is 
believed  that  all  of  the  undifferentiated  limestones  are  of  Paleo- 
zoic age. 

1  Momt,  F.  H.,  op.  dt,  p.  24. 

<  IQndJe,  E.  M.,  Faunal  suooeBston  in  Port  Clarence  limestone,  Alaska:  Am.  Jour.  Sd.,  4th  ser.,  yol.  32, 
mi,pp.S35-340. 

*  Smith,  P.  S .,  and  Bakin,  H.  M.,  Geology  of  southeastern  Seward  Peninsula  and  the  Nolato-Norton  Bay 
RUlon:  BulL  U.  S.  QeoL  Surrey  No.  440, 1911,  p.  48. 
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8ILUBIAK  STSTEM . 

The  only  rocks  of  known  Silurian  age  were  found  by  Kindle  in  the 
vicinity  of  Cape  Deceit,  a  promontory  near  the  town  of  Deering.  The 
following  account  is  taken  from  his  description  of  this  locality: 

On  the  north  coast  of  Sewud  Peninwila  the  writer  has  found  at  Cape  I>eceit  a 
fiiiina  which  appears  to  be  the  same  as  the  iMina  at  White  Mountain  [in  the  south- 
central  part  of  the  peninsula].  It  is  represented  by  a  coral  which  is  probably  a 
species  of  Amplexus  and  a  lameUibranch  apparently  identical  with  the  Megalodon 
occurring  at  White  Mountain.  The  limestone  at  Cape  Deceit  has  the  highly  mag- 
nesian  composition  characterizing  the  limestone  at  White  Mountain.^ 

The  limestone  at  White  Mountain  is  descrihed  by  Kindle  in  the 
same  paper  as  being  several  hundred  feet  thick,  of  white  to  light- 
gray  color,  much  broken  by  joints  with  very  indistinct  bedding 
planes,  highly  magnesian,  and  as  containing  a  late  Silurian  fauna 
comparable  with  the  Ouelph  in  the  States. 

The  fact  that  in  every  place  where  this  formation  has  been  found — 
in  southeastern  Alaska,  on  Porcupine  River,  in  the  Rampart  region, 
and  in  Seward  Peninsula — the  rocks  are  dolomitic  is  believed  to  be 
significant.  Although  dolomites  are  known  to  occur  in  many  other 
series,  the  fact  that  this  part  of  the  Silurian  is  everywhere  dolomitic 
suggests  that  certain  of  the  limestones  in  the  Noatak-Kobuk  region 
that  have  not  yet  been  differentiated  should  be  closely  examined  for 
this  feature.  Some  of  the  dolomitic  beds  already  noted  in  the  region 
southeast  of  the  canyon  and  in  the  lower  gorge  of  the  Noatak  may 
possibly  belong  to  the  Silurian. 

Unfortunately,  the  Silurian  exposures  at  Cape  Deceit  are  so  isolated 
by  the  sea  and  by  recent  deposits  of  alluvium  that  they  afford  no 
clue  as  to  their  relations  with  the  other  rocks  of  the  region.  The  fact 
that  they  are  not  schistose  suggests  that  they  are  not  so  old  as  the 
undifferentiated  metamorphic  schists  to  the  south,  but  even  this 
conclusion  rests  on  several  unproved  assumptions. 

DEVONIAN  SYSTEM. 

Undoubted  Devonian  fossils  have  been  found  only  in  float  bowlders 
in  John  River  basin  a  short  distance  north  of  Hunt  Fork.  The  loca- 
tion of  the  rocks  from  which  they  were  derived  is  therefore  uncertain, 
though  Schrader  evidently  believed  that  they  were  derived  from  the 
rocks  exposed  in  the  neighborhood.  Owing  to  the  fact  that  the  par- 
ticular outcrops  from  which  the  fossils  came  is  not  known,  it  has  been 
impossible  to  indicate  the  Devonian  strata  on  the  geologic  map  (PI.  11); 
and  they  probably  have  been  included  in  the  Carboniferous  rocks  to  be 
described  later. 

>  Kindle,  E.  M.,  The  fumal  saooeBskm  in  the  Port  Clarmoe  limestone,  Alaska:  Am.  Jour.  Sd.,  4th  ser., 
TOL  82, 10U,Iip.  847-348. 
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A  reexamination  of  the  original  field  notes  fails  to  disclose  a  suffi* 
dently  explicit  description  of  the  rocks  in  the  vicinity,  and  specimens 
bron^t  lAck  by  Schrader  afford  the  only  means  of  determining  the 
lithology  and  age  of  these  rocks.  From  these  specimens  it  may  be 
seen  that  the  rock  is  a  sandy  gray  to  dark-brown,  medium  fine  grained, 
QonciTBtalline  limestone,  little  if  any  deaved,  weathering  to  a  lighter 
brown  on  exposed  surface.  The  fossils  are  usually  darker  than  the 
inclosiiig  rock  and  show  little  or  no  evidence  of  deformation.  These 
fossils  were  examined  by  Schuchert  and  Kindle,  who  report  that  they 
include  Spirifer  disjunetU8f  a  typical  Upper  Devonian  form. 

In  die  Noatak  region  some  doubtfully  Devonian  fossils  have  been 
obtained  from  rocks  that  were  indistinguishable  from  the  Carbonif- 
erous sandstones,  shales,  and  limestones,  and  in  this  report  these 
rocb  have  been  included  in  the  Carboniferous  to  be  described  later. 
That  no  marked  break  occurs  between  Upper  Devonian  and  the  lower 
Carboniferous  (Mississippian)  rocks  in  this  part  of  Alaska  is  indicated 
by  the  facts  that  the  truly  Devonian  rocks  on  John  River  were  not 
£stinguished  by  Schrader  from  the  Carboniferous  rocks,  that  the 
questionable  Devonian  rocks  in  the  Noatak  were  not  differentiated 
by  the  writer,  and  that  Collier  states  that  similar  rocks  in  the  Cape 
Lbbume  region  are  apparently  conformably  overlain  by  lower  Car- 
boniferous rocks.  It  will  therefore  not  be  feasible  to  differentiate 
and  map  the  two  systems  until  more  precise  studies  and  more  exten- 
^e  collections  have  been  made. 

OABBONIFESOUS  SYSTEM. 

VOaTAK  SAJmSTOaB. 
DISTSIBTTTION  AND  LITHOXiOOT. 

Two  main  divisions  of  the  Carboniferous  rocks  have  been  made, 
based  mainly  on  differences  in  lithologic  character.  One  division  is 
composed  mainly  of  sandstones,  with  subordinate  amounts  of  quartz- 
ite,  shale,  and  thin-bedded  limestone;  the  other  consists  almost 
entirely  of  limestones.  The  former  is  called  the  Noatak  sandstone, 
&Qd  the  latter  the  lisbume  limestone,  the  geographic  name  given  by 
Schrader. 

The  Noatak  sandstone  was  seen  and  studied  most  extensively  in 
the  central  and  western  parts  of  the  Noatak  basin,  from  the  canyon 
as  far  east  as  the  camp  of  August  9.  Other  areas  correlated  with  this 
typical  portion  of  the  sandstone  are  the  hills  in  which  Midas  Creek 
^,  north  of  the  camp  of  August  2,  and  the  northern  part  of  the 
Pickett  series  mapped  by  Schrader  on  John  River. 

Views  of  characteristic  phases  of  the  Noatak  sandstone  and  the 
^Pography  to  which  these  rocks  give  rise  are  shown  in  Plates  V,  A 
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(p.  29);  XI,  il  and  £;  and  XIV,  B  (p.  122).    They  illustrate  the 
general  field  appearance  of  the  rooks  included  in  this  fonnation. 

In  the  most  typical  exposures  seen  from  a  point  near  the  camp  of 
August  11  to  the  canyon  ihe  rocks  are  dominantly  sandstones,  medium 
fine  grained  and  rather  massive,  but  containing  layers  of  shale  tliat 
accentuate  the  bedding.  On  exposed  surfaces  the  rocks  are  usually 
rusty  brown  to  brownish  green,  but  on  fresh  fracture  they  are  dark  gray 
or  greenish.  The  component  minerals  are  usually  not  distinguishablo 
macroscopically  with  the  exception  of  quartz  and  flakes  of  mica. 
When  treated  with  acid  many  of  the  sandstones  effervesce  slightly, 
showing  the  presence  of  calcite.  Under  the  microscope  the  sandstone 
is  seen  to  be  composed  mainly  of  quartz  and  some  sericite,  with  limo- 
nitic  and  carbonaceous  material  fiUlng  the  interstices. 

Some  slightly  conglomeratic  beds  are  associated  with  the  sandstones 
and  certain  of  these  show  flattened  masses  of  indurated  shale  or  quartz- 
ite  which  are  of  pebble-like  form,  but  which  may  represent  contem- 
poraneous accumulations  of  mud.  Mica  has  been  developed  parallel 
with  the  surface  of  these  nodules,  but  the  material  within  is  unsheared. 
Many  of  these  accumulations  closely  simulate  fossils  and  can  be  dis- 
tinguished from  them  only  by  careful  examination. 

Some  thin  beds  of  limestone,  few  over  a  foot  thick,  are  interbedded 
with  the  sandstones.  These  limestone  beds  show  considerable  varia- 
tion in  color,  some  being  dark  gray  whereas  others  have  weathered  to 
a  light  yellow.  All  the  limestones  are  semicrystalline,  but  exhibit 
only  slight  signs  of  movement.  Fossils  are  fairly  numerous  in  some 
of  these  beds  and  are  entirely  undeformed..  In  places  the  rocks  are 
cut  by  small  local  calcite  veins  and  have  been  intruded  by  basic  in- 
trusive rocks.  The  limestone  beds  become  more  prominent  and 
thicker  toward  the  top  of  the  formation.  limestones  may  be  recog- 
nized above  the  intrusive  sill  in  the  upper  central  part  of  Plate  XI,  By 
and  outside  of  the  more  closely  appressed  portion  of  the  fold  in 
Plate  XI,  A. 

Shales  and  slaty  beds  are  interlaminated  with  the  other  members 
of  this  formation.  Generally  they  exhibit  both  bedding  and  cleavage, 
but  not  much  metamorphism.  The  slates  contain  little  clayey  mate- 
rial but  seem  to  be  formed  mainly  of  fine-grained  quartz  and  some 
calcite.  As  a  rule  the  rock  is  too  fine  grained  to  permit  its  component 
minerals  to  be  distinguished.  Under  the  microscope  it  is  seen  to  be 
composed  mainly  of  quartz,  kaolin,  or  sericite,  and  a  greenish,  nearly 
amorphous,  finely  divided  mineral,  together  with  magnetite,  some 
sulphides,  and  limonitic  material. 

Quartzites  are  especially  common  in  the  exposures  in  the  vicinity 
of  the  Noatak  Canyon.  Most  of  them  are  dark,  nearly  black,  but 
brown  and  red  iron-stained  members  are  not  uncommon.  The  greater 
induration  of  the  quartzites  appears  to  be  due  to  the  pronounced 
folding  to  which  the  rocks  have  been  subjected  and  also  to  the  igneous 
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intnisions  in  the  vicinity.  As  a  result  of  the  igneous  action  mnch  of 
their  daiic  coloring  matter  has  here  and  there  been  destroyed  and  they 
weather  white,  so  tliat  at  a  distance  they  are  difficult  to  distinguish 
from  certain  of  the  limestones.  This  contact  phase  may  in  places  be 
M»d  sereral  hundred  feet  from  the  igneous  rock.  The  red  and 
lMt>wn  colors  noted  above  have  been  produced  mainly  by  the  weather- 
ing of  sulphideB  that  occur  in  the  quartzites. 

The  rocks  of  the  Midas  Creek  region  that  are  provisionally  corre- 
lated with  the  Noatak  sandstone  are  typically  sandy  slates  showing 
little  or  no  schistosity,  but  having  a  well-marked  lamination,  which 
is  in  places  transverse  to  the  bedding.  In  addition  to  the  quartz  and 
scattered  mica  flakes  observable  in  hand  specimens,  these  rocks,  when 
examined  under  the  microscope,  show  a  content  of  bleached  biotite, 
chlorite,  albite,  zircon,  and  iron  ores.  The  apparently  greater  shear- 
ing to  which  they  have  been  subjected  may  be  accounted  for  by  their 
cioeer  proximity  to  the  region  of  pronounced  dynamic  metamorphism. 

The  rocks  on  John  River  that  are  correlated  with  the  Noatak  sand- 
stone were  described  by  Schrader,  under  the  name  Fickett  series,  as 
oonsisting  of — 

(ittk  shale,  schistoee  shale,  and  apparently  some  dark  limestone,  which  is  succeeded 
i^  <tittartzite,  grit,  and  conglomerate  *  *  *.  The  quartzite,  grit,  and  conglom- 
oste  are  hard  and  flinty,  the  grains  and  pebbles  being  thoroughly  united  by  a  siliceous 
coaent.  The  best  exposure  of  these  rocks  that  was  seen  is  that  at  Fork  Peak  (just 
Bvth  of  latitude  S8%  *  *  *  from  which  point  for  about  15  miles  northeaetwaid 
to  beyond  the  Anaktuvuk  portage  they  present  a  steep  face  to  the  northwest  *  *  *. 
Here  the  dip  is  gently  south  or  southeast.  Apparently  these  same  couglomerates  and 
Snta  were  idso  encountered  in  the  lower  reaches  of  a  deeply  cut  gulch  about  20  miles 
nuth  of  Fork  Peak,  west  of  the  mouth  of  Hunt  Fork.  Toward  the  top  of  Fork  Peak 
^grit  sad  qoavtaite  give  way  to  dark  schistose  slate  and  dark-gray  micaceous  sand- 
stone.* 

Accorcting  to  Schrader's  notes  and  descriptions,  this  same  division 
includes  metamorphic  rocks  which  in  the  present  report  have  not 
Ixm  correlated  with  the  Noatak  sandstone,  but  have  been  classed 
with  the  undifferentiated  metamorphic  schists.  According  to 
Schrader,  these  rocks  overlie  the  more  northern  ones  which  have  been 
^Trelated  with  the  Noatak  sandstone.  Such  an  interpretation,  how- 
®^er,  presents  so  many  difficulties  that  until  further  evidence  is 
Educed  it  is  believed  more  reasonable  to  accept  the  interpretation 
that  the  schistose  beds  are  older  than  the  less-deformed  beds  here 
^rrdated  with  the  Noatak  sandstone. 

STBUCTURE. 

In  general  the  folding  of  the  Noatak  sandstone  has  not  been  so 
^tenae  as  that  of  the  other  rocks  already  described.  Schrader  re- 
I^rted  open  folding  in  this  formation  on  John  River.     In  the  eastern 
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part  of  the  Noatak  also  the  folding  Is  not  extreme,  but  vertical  and 
overtumed  dips  were  observed  at  many  places  farther  west.  The 
folds  and  faults  shown  in  Plates  X,  B,  and  XI,  indicate  that  the 
structure  is  by  no  means  simple.  In  spite  of  the  complexity  of 
local  details  the  larger  structure  appears  to  trend  in  the  main  east 
and  west.  In  a  broad  way  the  Noatak  sandstone  disappears  under 
higher  rocks  toward  the  north  and  has  been  removed  by  erosion,  it 
having  been  more  uplifted,  toward  the  south.  Although  this  appears 
to  be  the  general  structure,  it  should  be  remembered  that  the  actual 
structure  is  made  up  of  subordinate  folds  and  faults,  which  when 
viewed  in  detail  present  many  diversities  from  this  simple,  locally 
inexact,  generalization. 

The  Noatak  sandstone  has  been  subjected  to  pronounced  regional 
dynamic  metamorphism,  and  in  addition  to  the  larger  structures 
cleavage  has  been  produced  in  almost  all  its  members  except  the 
more  massive  quartzite  beds.    This  structure  is  particularly  prom- 
inent in  the  finer-grained  beds  and  in  many  places  the  original  bedding 
is  so  masked  that  it  may  escape  detection.    Plate  XIY,  B  (p.  122), 
shows  an  exposure  of  the  slaty  phase  of  the  Noatak  sandstone  between 
the  camps  of  August  12  and  13  on  the  north  side  of  the  Noatak. 
The  bedding  is  shown  by  the  color  banding  parallel  with  the  hammer 
handle.    This  banding  is  evidently  due  not  only  to  differences  in 
color,  but  also  to  different  chemical  composition,  texture,  material, 
and  size  of  grain.    Transverse  to  the  bedding  and  in  Plate  XIY,  B, 
having  a  considerably  lower  dip  is  a  well-marked  cleavage,  which  is  so 
strongly  developed  that  the  rocks  weather  into  slabs  parallel  to  its 
direction  rather  than  to  that  of  the  bedding. 

Although  cleavage  is  everywhere  noticeable,  schistosity  was  not 
observed  in  the  typical  area  of  Noatak  sandstone.  In  the  area  of 
rocks  correlated  with  the  Noatak  sandstone  on  John  lUveTi  however, 
Schrader  mentions  schistosity  in  certain  members.  It  is  possible 
that  the  rocks  so  described  belong  rather  to  the  supposed  underlying 
undifferentiated  metamorphic  schists  than  to  the  Noatak  sandstone, 
and  that  they  have  been  infolded  or  infaulted. 

AOB  AND  INTBRRELATION8. 

Fossils  have  been  found  at  several  places  in  the  area  of  typical 
Noatak  sandstone.  The  most  definite  collections  from  rocks  in 
place  were  made  at  locality  11AS46,  on  the  south  side  of  the  Noatak, 
about  8^  miles  east  of  the  camp  of  August  9,  and  at  localities  11AS51 
and  11AS53,  on  the  north  side  of  the  riveri  about  a  mile  east  of  the 
camp  of  August  11.  Mr.  Girty,  who  examined  the  fossils  from  these 
places,  states  that  the  three  collections  belong  together,  and  he  fur- 
the  following  lists  of  fossil  determinations:^ 

1  Qlrtgr,  Q.  H.,  unpubliBlMd  tottflr. 
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Locality  I1A&46: 

Menophyllum  sp. 

Stenopora  sp. 

Batofltomella?  sp. 

Schnchertella?  sp. 

Ghonetes  aff .  illinoisensls. 

Ptoductus  a£F.  indianenflifl. 

Prodactiifl  aff.  imdatus. 

Productufl  a£F.  longispinus. 

Productella  hirsutiformiB? 

Gamarotcechia  sp. 

Spinier  aff.  etnatus. 

Spiiifer  aff.  centronatiu. 

dLothyridina  aff.  sublamellofla. 

Lq>todesina  aff.  speigenae. 

Aviculipecten  sp. 

Bembexia?  sp. 

Orthoceras  sp. 

ParaparcMtes  sp. 
Locdity  11A861: 

Zaphientb  sp. 

Lingula?  sp. 

Schizophoria  aff.  swallowi. 

Ghonetes  aff.  iUinoiseiisiB. 

ProductuB  aff.  indlanenas. 


Locality  1IAS51— continued. 

Productus  aff.  longispinus. 

Productus  sp. 

Pugnax?  n.  sp. 

Dielasma  aff.  formoeum. 

Spinier  aff.  paucicoetatus. 

Spirifer  aff.  striatus. 

Spirilerina  aff.  subelliptica. 

Amboccelia  aff.  levicula. 

Gtiothyridina  aff.  hirsuta. 

Athyris?  sp. 

Aviculipecten  sp. 

Murchisonia  sp. 

Pleurotomaria  sp.  2. 

EuomphaluB  sp. 

Naticopsis  n.  sp. 

Naticopsis  aff.  carleyana. 

Paraparchites  sp. 

PhilUpsia  sp. 
LocaUty  1IAS53: 

Zaphrentis?  sp. 

Ghonetes  aff.  lllinoiBenflis. 

Spiriler  sp. 

Amboccelia  sp. 


In  discussing  the  sigidficance  of  these  determinations  Mr.  Girty 
says:  ''The  geologic  age  I  take  to  be  upper  Mississippian  of  the 
American  section  or  the  Mountain  limestone  or  the  Productus  giganteus 
zone  of  the  European  section."  On  the  first  stream  from  the  north, 
west  of  the  camp  of  August  7,  locality  11 AS43,  float  bowlders  of  lime- 
stone were  found  in  great  numbers  in  the  stream  gravels.  Many  of 
tWe  contained  fossils  which  Mr.  Girty  determined  as  follows: 


LocAlity  11AS43: 
Favoaites?  sp. 
Cladopora?  sp. 
Gyathophyllum?  sp. 
Stromatoporoid  coral? 


Locality  11AS43— Continued. 
Zaphrentis. 
Crinoid  stem. 
Gamarotcechia?  sp. 


A  short  distance  downstream  from  this  place,  on  the  south  side  ol 
^e  Noatak  the  following  fossils  as  determined  by  Mr.  Girty  were 
found  in  the  float: 

I^wdity  11AS46: 
Zaphrentis  sp. 
Cladopora?  sp. 
Camaiotcechia?  sp. 

From  a  bowlder  of  limestone  in  the  canyon  of  the  Noatak  at 
locality  11AS67  a  single  fossil  was  found  which  Mr.  Girty  states  is 
Zaphrentis  sp. 
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Concerning  these  three  collections  Mr.  Oirty  says: 

The  doubtful  Carboniferous  collectioiiB  comprifle  lots  43  and  45  and  pooribly  67 
*  *  *.  The  preservation  of  the  specimena  in  these  coQections  is  very  un£AVorable 
and  the  forms  themselves  are  not  diagnostic.  The  faunas  are  unlike  anything  at 
present  known  in  the  Alaskan  Carboniferous,  and  they  appear  to  me  to  represent  a 
pre-Carboniferous  facies.  Dr.  Kindle,  however,  who  kindly  examined  them  at  my 
request,  writes  me  that  he  sees  no  good  reason  for  calling  them  even  provudonally 
Devonian.  The  reasons  given  for  this  opinion  are  the  abundance  <^  crinoid  steins, 
some  of  which  are  said  to  have  a  peculiarly  flattened  form,  and  the  iact  that  one  of 
the  corals  (a  rather  slender  small-celled  branching  form,  which  I  have  cited  as  Clad- 
opora?  sp. ,  but  which  may  possibly  be  of  bryozoan  nature)  is  a  different  speciBS  from  a 
similar  form  in  the  lot  which  he  is  accepting  as  possibly  Devonian. 

It  is  evident,  therefore,  that  a  satisfactory  determination  of  the  age  of  this  fauna 
must  be  deferred  until  it  is  posdble  to  obtain  more  diagnostic  and  nu»e  satisfactorily 
pieserved  materiaL 

In  the  John  River  i^on  Schrader  found  no  fossils  in  place,  but 
numerous  stream  pebbles  in  the  regions  where  the  rocks  now  referred 
to  the  Noatak  sandstone  outcrop  yielded  lower  Carboniferous  (Missis- 
sippian)  forms,  as  determined  by  Prof.  Charles  Schuchart.  The 
lithology  of  the  pebbles  was  similar  to  that  of  the  rocks  in  place, 
but  it  is  possible  that  some  of  the  fossils  may  have  come  from  the 
Lisbume  limestone  farther  upstream  to  the  north.  The  following 
identifications  were  made  by  Prof.  Schuchert: 

Locality  522: 

.  Spirifer  striatUB  Martfai. 


Fenestella. 
Locality  525: 

Spirifer  striatus  Martin. 

Spiriferina  criatata  Schlotheim? 
Locality  534: 

Streblotrypa  near  nicklesi  Vine. 

Fenestella,  several  species,  one  of 
which  is  near  F.  ceetriensis 
Ubrich. 

Cystodictya. 

Pinnatopora. 

Rhombopora. 


Locality  493: 

Lithostrotion   (of    the    group    in 

which  the  corallites  are  not  in 

close  embrace). 

Locality  495: 

Spirifer  striatus  Martin. 

Ploductus  scabriculus  Martin. 

Spirifer  near  S.  n^lectus  Hall. 
Locality  513: 

Productus  BcabriculuQ  Martin. 
Locality  520: 

Productus  semireticulatus  Martin. 
Locality  521: 

Spirifer  striatus  Martin. 

Productus,  a  very  small  undertei^ 
mined  species. 

Cystodictya  nearest  to  C.  lineata. 

The  above  eig^t  localities  represent  one  formation  in  the  upper  part  of  the  Lower 
Carboniferous.  This  fauna  is  unlike  that  of  the  Misaisaippi  Valley  in  that  it  does  not 
have  the  characterizing  fossils,  as  the  screwlike  bryosoan  Archimedes  and  the  blastoid 
genus  Pentremites. 

Localities  497  and  529  have  a  Syringopora  much  like  S.  muUaUemuOaai  the  Upper 
Carboniferous.  This  genus,  however,  has  little  stratigraphic  value,  but  the  develop- 
ment of  the  species  present  is  indicative  of  Carboniferous. 

Localities  511,  518,  and  454  are  represented  by  a  crinoidal  limestone  apparently 
the  same  as  at  localities  525  and  521  and  probably  from  the  horizon  of  the  latter. 

T^ocalities  463  and  464  represent  another  horizon,  since  the  lithology  is  quite  different 
from  any  of  the  other  localities.  The  only  fossils  present  are  large  crinoidal  oolumns 
^'ke  those  of  the  Lower  Carboniferous. 
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Locility  461  also  has  large  crinaid  coiumiifl  and  may  repieniLt  the  Lower  Oar- 
Uaifeioas. 

The  above  localities  probably  all  repfesent  the  same  Lower  CarboniferouB  loimation 
s  that  of  the  specimenfl  from  localities  493,  405,  513,  520,  521,  522,  525,  and  534. 

Locality  519  has  Fenestella,  Cystodictya?,  and  crinoid  columns.  The  material 
s  gntttiBfactory ,  and  all  I  can  do  is  to  state  that  it  indicates  either  Devonian  or  Car- 

From  the  above  facts  it  is  concluded  that  the  Noatak  sandstone 
3  of  lower  Carboniferous  (Mississippian)  age.  Possibly  certain  of 
tlie  lower  beds  may  have  been  formed  in  the  extreme  upper  part  of 
iie  Upper  Devonian,  but  from  Elindie's  statement  (p.  74)  there  is 
considerable  reason  for  believing  that  all  the  rocks  are  Mississippian. 


DISTBIBimOK  AXn  UTHOLOOT. 


The  name  ''Lisbume"  was  first  applied  by  Schrader  to  the  lime- 
stones at  Cape  Lisbume  and  was  extended  to  include  similar  limestones 
found  by  him  at  the  head  of  John  and  Anaktuvuk  rivers.  Later 
studies  of  the  type  locality  were  made  by  Collier'  and  still  more 
recently  by  Ejndle/  but  this  area  is  outside  the  region  treated  in  this 
report.  As  a  result  of  the  work  of  the  expedition  of  191 1  certain  lime- 
stones in  the  western  part  of  the  Noatak  region  have  been  assigned 
to  this  formation.  The  position  of  the  different  areas  is  indicated 
>Q  the  geologic  map  (PI.  II);  and  the  Noatak  and  John-Anaktuvuk 
localities  will  be  described  in  the  following  pages. 

On  John  Biver  the  Lisbume  limestone  forms  a  belt  about  15 
miles  wide.     According  to  Schrader:* 

The  rockB  of  the  LiBbume  formAtion  may  be  characterized  for  the  moBt  part  as 
aediiim-bedded  eemicrystalline  limestoneB  of  impure  white  or  gray  color.  They 
v^ither  gray,  light  rusty  brown,  or  chocolate.  They  form  the  mountains  that  rise 
'/)  I  height  of  2,500  to  3,000  feet  above  the  floor  of  the  Anaktuvuk  Valley.  Near  the 
'smmit  occur  two  beds  of  intercalated  fihale,  each  apparently  several  hundred  feet 
^k  and  containing  some  thin  layers  of  dark  gray  limestone  •  *  *.  Judging 
^  exposures  observed  in  the  region  of  the  Anaktuvuk,  the  tfuckness  of  the  lime- 
^ne  lonnation  is  probably  a  little  over  3,000  feet. 

In  the  Noatak  region  three  areas  are  correlated  with  the  Lisburne — 
one  southeast  of  the  canyon,  one  in  the  hills  west  of  Kugururok  Riveri 
&nd  one  in  the  lower  gorge  of  the  Noatak.  The  first  is  about  5 
^es  southeast  of  the  camp  of  August  14,  in  a  region  of  considerable 
faulting  and  igneous  intrusion,  where  the  relations  are  complex. 
The  rocks  exposed  here  are  highly  siliceous  cherty  limestones,  consid- 
erably brecciated  and  recemented  by  chert.     They  are  light  brown 

'Bdndv,  p.  C,  op.  dt..  p.  70. 

*  CoUter,  A.  J.,  Geology  and  oo«l  reeooroeB  of  the  Cape  Lisbume  rogkai,  Alaaka:  BnU.  U.  S.  Oeot  Survey 

'Kindle,  S.  M.,  The  leotion  at  Cape  TbompMn,  AJida:  Am.  Jour.  BdL,  4tli  aer.,  toL  28,  ISOO,  pp. 

«Sehiid«>,  P.  C,  op.  oit.,  p.  «3- 
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on  exposed  surfaces;  but  on  fresh  fracture  are  in  places  much  darker. 
Indistinct  fossils,  mainly  crinoid  stems  replaced  by  silica,  msy  here 
and  there  be  found  on  the  weathered  surfaces.  Farther  north  these 
limestones  are  apparently  overlain  by  a  band  of  nearly  black  semi- 
crystalline  limestone  with  numerous  white  patches  formed  by  the 
remains  of  corals.  The  rocks  are  exposed  in  small  outcrops  on  steep 
north-facing  scarps. 

West  of  the  Kugururok,  limestones  form  the  hills  bounding  the 
Mission  lowland  to  the  north.    At  a  distance  most  of  the  hills  are  a 
brilliant  white,  but  west  of  Kelly  River  a  steep  ravine  exposes  reddish 
limestones  underlying  the  white.    The  rocks  were  not  examined  in 
place,  but  float  from  these  hills  showed  the  light-colored  limestone 
to  be  semicrystalline  and  to  have  numerous  thin  dark,  nearly  black 
bands  interlaminated  with  bluish-gray  to  white  beds.    Pebbles  of 
the  reddish  limestone  were  similar  to  those  found  farther  east,  near 
the  camp  of  August  4,  and  to  the  reddish  sandy  limestone  that  occurs 
near  the  base  of  the  undifferentiated  limestones  around  the  head  of 
the  Noatak,  north  of  the  camp  of  July  28.     On  microscopic  examina- 
tion the  red  color  was  found  to  be  due  to  a  considerable  amount  of 
hematite  in  the   rock.     This  coloring  material   is  not  evenly  dis- 
tributed but  is  concentrated  irregularly  here   and  there.    It  may 
have  been  leached  from"  a  calcareous  sediment  rich  in  iron.    This 
reddish-brown  limestone  is  also  considerably  exposed  in  the  hills  at 
the  head  of  Cosmos  Creek  north  of  Shungnak,  in  the  Kobuk  region, 
and  is  there  included  in  the  undifferentiated  limestones. 

In  the  lower  gorge  of  the  Noatak,  about  half  a  mile  below  the  camp 
of  August  25,  there  is  a  silicified  limestone  bearing  some  indistinct 
fossfls  on  its  weathered  surface.  Bowlders  of  a  dark,  nearly  black 
limestone  containing  numerous  well-preserved  fossils  in  such  posi- 
tion that  they  evidently  had  not  traveled  far  were  found  near  the 
upstream  end  of  this  exposure.  A  little  farther  downstream  is  an 
outcrop  of  a  brecciated  dolomite,  which  is  not  distinguished  from  the 
other  limestones.  Indistinct  unidentifiable  oi^anic  remains  were 
found  in  this  dolomite.  Still  farther  downstream,  near  the  western 
limit  of  the  exposures,  is  a  dark,  nearly  black  semicrystalline  lime- 
stone with  thin  light-colored  partings,  which  are  so  numerous  that 
over  30  were  counted  in  a  thickness  of  an  inch  of  limestone.  This 
phase  is  nondolomitic. 

8TBU0TUBB. 

The  rocks  correlated  with  the  Lasbume  limestone  show  no  struc- 
ture discordant  with  that  of  the  Noatak  sandstone,  already  described. 
In  all  exposures  the  rocks  are  considerably  folded  and  show  secondary 
structures  induced  by  the  regional  metamorphism.  In  the  locaUty 
near  the  canyon  and  in  the  area  west  of  the  Kugururok  the  general 
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tzead  of  the  Unes  of  major  stnicture  is  east-west  to  northwest-south- 
east, and  tlie  dip  is  dominantly  toward  the  north.  In  the  exposures 
near  the  lo-wer  gorge  the  strike  appears  to  be  about  N.  20^  W.  and  the 
dip  steep  and  variable  from  west  to  east. 

Smaller  structural  features,  such  as  jointing  and  cleavage,  are  often 
seen  and  liave  caused  the  rocks  to  weather  in  slabby  form.  The 
intersection  of  the  folding  by  the  jouiting  hi  places  gives  rise  to  a 
'pencil  structure/'  by  forming  fragments  6  to  8  niches  long  and  half 
m  imdi  thick.  Brecciation  also  occurs  in  certain  members  of  this  for- 
mation, especially  tne  dolomite,  the  cement  being  considerably  more 
(Tfstalline  than  the  older  fragments. 

AGS  AKD  DITSBaXL4TTONB. 

Fossils  from  the  limestones  southeast  of  the  canyon  have  been 
examined  by  Messrs.  Girty  and  Eandle.  The  former  furnishes  the 
foDowing  list  of  fossils  from  the  more  southern  beds: 

Locmlity  11AS65:  |  Locality  11AS65— Continued. 

Biyozoan?  Spirifer  afif.  rockymontanua. 

Ptoductua?  sp.  Gompoflita  afif.  aabtilita. 

Conceming  this  collection  Mr.  Girty  states  that  it  contains  little 
that  is  distinctive,  so  that  nothing  definite  can  be  said  regarding  it, 
although  it  is  rather  suggestive  of  the  Pennsylvanian. 

Mr.  Kindle  examined  the  fossils  from  the  more  northern  locality 
and 


The  material  conaiats  entirely  of  fragmentary  corals  embedded  in  a  dark  dolomitic 
Hmeatone.  The  best  preserved  and  moat  abundant  of  these  is  a  species  of  Oladopora, 
wfajch  is  oomparable  with  C.  labioM,  Both  the  fossils  and  the  rock  matrix  resemble 
lather  strongly  some  of  the  specimens  that  have  been  obtained  by  me  and  by  others 
from  Blftck  Mountain,  in  Seward  Peninsula.  The  evidence  is  insufficient  to  make 
my  positive  correlaUon,  but  I  would  suggest  that  the  material  might  be  assigned 
proviaionally  to  the  Devonian,  unless  there  is  some  distinctive  stratigraphic  evidence 
gainst  such  an  assignment.  The  fossils  probably  represent  either  Devonian  or  Mia- 
aadppiaJi,  probably  the  fonner. 

Float  fossils  found  near  this  place  in  the  Noatak  canyon  and  also 
on  a  gravel  bar  near  the  camp  of  August  19,  probably  derived  from  the 
limestones  of  the  hiUs  to  the  north,  have  been  examined  by  Mr. 
Girty,  who  identifies  the  specimen  from  the  former  locality  (11AS61) 
^  lAthosiroiion  pordocJcif  and  that  from  the  latter  (11AS73)  as 
Uthagtrcftion  irreguUiret  Mr.  Girty  states  in  a  letter  accompan3nng 
th^e  determinations: 

Theme  I  believe  to  belong  at  about  the  same  horizon  as  the  foregoing  [Nos.  46,  51, 
md  53,  from  the  Noatak  sandstone],  showing  merely  different  aspects  of  the  same 
tMum.  These  coral  lots  (Nos.  61  and  73)  have  the  fades  that  we  know  in  the  Lisbume 
limestone,  which  I  believe  to  be  composed  of  equivalent  beds. 


1  Kindto,  E.  If.,  unpablldMd  leMr. 
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The  richest  fauna  waa  obtained  from  the  dark,  nearly  black  liine- 
stone  float  at  the  northem  part  of  the  lower  gorge  of  the  Noat&k 
The  following  fossils  were  determined  bj  Mr.  Girty : 


LocaUty  11AS77: 

FenesteUa,  several  sp. 
Piimatopoia  sp. 
BatostomeUa?  sp. 
CyBtodictya  sp. 
Hhipidomella  aff .  pulcheDa. 
Derbya  sp. 

Ghonetes  aff.  ilfinoisensis. 
Productus  aff.  undatus. 
Productus  aff.  indianensis. 
Productus  aff.  semireticuIataB. 
Productus  aff.  longispinus. 
Productus  aff.  2  sp. 
Dielasma  sp. 
Spirifer  aff.  striatus. 
Spirifer  aff.  paucicostatus. 
Martinia  aff.  glabra. 
Reticularia  sp. 
Gliothyridiua  aff.  hirsuta. 
Nucula  sp. 
Ledasp. 

Pabeoneilo  aff.  sera. 
Edmondia  sp. 


Locality  11AS77— Continued. 

I/Cptodesma  aff.  spergenense. 
ATiculipecten  sp. 
Sphenotos  aff.  contractus. 
Sphenotua  aff.  unionifonnis. 
SphenotuB  sp. 
Sanguinolites  sp. 
Schizodus  sp. 
Schizodus?  sp. 
Cypricardinia?  sp. 
Pleurotomaria  sp. 
Platyceras  sp. 
Naticopsis  sp. 

Euomphaius  aff.  speigenensis. 
Sphterodoma  aff.  littonana. 
Bulimorpha  sp. 
Loxonema  sp. 
Trochus?  sp. 
Orthoceras  sp. 
Eumorphoceras?  sp. 
Panparchites  sp. 
Glyptopleura  sp. 
Primitia  sp. 


According  to  Mr.  Oirty  these  fossils  belong  to  the  same  group  of  rocks 
as  those  found  in  the  Noatak  sandstone  and  already  described  (llAS- 
46,  llAS51y  and  11AS53).  As  stated  above,  however,  he  is  of  opinion 
that  these  rocks  lie  at  about  the  same  horizon  as  the  lisbume  lime- 
stone, but  they  show  different  aspects  of  the  same  fauna.  In  one  the 
fossils  are  mainly  corals,  whereas  in  the  other  they  are  principally 
mollusks. 

Although  the  paleontologic  evidence  from  the  only  rocks  of  this 
formation  that  were  found  in  place  is  not  so  conclusive  as  is  desired, 
there  seems  to  be  no  valid  objection  to  considering  all  of  these  lime- 
stones as  one  formation  of  Mississippian  age.  According  to  Mr.  Girty 's 
determination,  based  on  the  fossUs  from  localities  11AS46,  11AS51, 
and  11AS53,  the  Noatak  sandstone  and  this  limestone  formation  are 
of  practically  the  same  i^e. 

Further  detailed  studies  will  undoubtedly  separate  this  formation 
into  different  members,  but  the  present  statements  serve  to  bring  out 
the  early  Carboniferous  age  of  these  rocks  and  to  suggest  their  correla- 
tion with  the  Bettles  ^'series''  of  the  Koyukuk  and  Chandalar  r^ons 
(described  by  Schrader)  with  certain  limestones  of  Seward  Peninsula 
and  with  similar  limestones  in  the  Yukon-Tanana  region. 
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MESOZOIC  ERA . 

myisiONs  OF  t&e  books. 

Three  areas  of  Mesozoic  rocks  are  shown  on  the  geologic  map 
71.  n).  The  largest  of  these  areas  forms  the  southeastern  part  of 
the  r^on  shown  on  the  map  and  embraces  most  of  the  basin  of  the 
QAin  Eoyukuk  River.  Two  smaller  areas  of  Mesozoic  rocks  are 
^wn  in  the  extreme  northern  part  of  the  mapped  area.  These  areas 
are  probably  only  a  small  part  of  the  actual  exposures  of  these  rocks, 
for  the  r^ion  is  practically  unexplored.  So  far  as  known  the  rocks 
ia  all  three  of  these  areas  are  of  Cretaceous  age.  Owing,  however,  to 
diSermces  in  age  and  litholpgic  character  they  have  been  divided  into 
three  groups:  On  the  south  side  of  the  Endicott  Mountains  two 
groups,  the  Koyukuk  and  Bergman,  have  been  distinguished  and 
itA?e  been  differentiated  from  the  Cretaceous  rocks  north,  of  the 
noge.  This  separation  does  not  imply  that  a  part  of  the  group  north 
of  the  mountains  may  not  be  the  equivalent  of  certain  of  the  rocks  to 
the  south.  In  addition  to  the  Mesozoic  rocks  found  and  mapped 
Tritfsic  float  was  noted  in  the  central  part  of  the  Noatak  basin. 

TBIASSIO  SYSTEM. 
OOOVBaXVOB. 

Trussic  rocks  have  been  recognized  in  the  region  treated  in  this 
^^^  only  as  float  in  the  central  part  of  the  Noatak  basin,  in  the 
^vela  of  the  first  stream  from  the  south  below  the  camp  of  August  7. 
The  material  is  practically  indistinguishable  in  lithologic  character 
from  the  dark  Carboniferous  limestones  in  the  vicinity.  At  the 
^e  the  rock  was  found  its  significance  was  not  appreciated  and  a 
thorough  examination  of  the  neighborhood  was  not  made.  Triassic 
'ossils  were  o1>tained  from  a  piece  of  float  of  nearly  black  chert  within 
<iirk  thin-bedded  limestone.  The  silicification  had  taken  place 
^W}uent  to  the  consolidation  of  the  rock  and  had  replaced  much  of 
^e  origuial  material,  which  was  probably  limestone.  The  fragment 
^ss  veiy  hard,  so  that  it  may  have  been  carried  for  a  long  distance, 
^^i  in  the  field  the  impression  was  that  the  rock  had  not  traveled 
'v  Float  limestone,  questionably  of  Devonian  but  certainly  of 
^^zoic  age,  was  also  found  in  the  same  stream  gravels,  so  that 
little  or  nothing  of  significance  concerning  the  area!  distribution 
'^  the  Triassic  rocks  from  which  the  float  was  derived  could  be 
^^termined  without  extensive  investigation. 
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AGS  AVD  OOBBEUkTIOV. 

The  i^e  of  the  f  ossilif  erous  cherty  limestone  float  was  determined  by 
Mr.  Stanton,  who  states: 

7244.  No.  1IAS44;  Noatak  River  at  first  stream  from  south,  west  of  the  camp  of  Aiig:u0l 
8,  approximately  latitude  68°  N.,  longitude  159°  W.: 
Pseudomonotis  subcircularis  (Gabb). 
Upper  Triassic.    The  collection  contains  only  a  single  species,  but  it  is  represented 
by  a  number  of  well-preserved  specimens  and  is  a  widely  distributed  and  very  charac- 
teristic form  found  thus  fax  only  in  the  Upper  Triassic. 

This  is  the  same  horizon  as  that  represented  at  Cape  Thompson, 
175  miles  to  the  west,  where  Kindle^  found  dark  cherts  and  thin- 
bedded  cherty  Upper  Triassic  Umestones  overlying  Carboniferous 
rocks  and  interbedded  with  soft  black  shales  and  argillites  containing 
black,  green,  and  duU-f  ed  cherts.  It  should  be  noted  that  there  was 
a  considerable  interval  between  the  known  Carboniferous  and  Upper 
Triassic.  So  far  as  now  known  this  period  in  northwestern  Alaska 
was  unattended  by  deposition  and  its  history  is  consequently  obscure. 

Although  Triassic  rocks  have  been  reported  only  at  the  above  two 
locahties  in  northwestern  Alaska  the  same  characteristic  fossils  have 
been  found  at  many  places  elsewhere  in  Alaska.  They  have  been 
found  along  the  Alaska^ Yukon  boundary,  in  the  central  part  of  south- 
eastern Alaska,  in  the  Copper  River  region,  and  in  southwestern 
Alaska.  The  rocks  are  therefore  widespread,  and  it  is  highly  probable 
that  with  further,  study  some  of  the  areas  in  northwestern  Alaska 
composed  dominantly  of  older  rocks  may  prove  to  have  infolded  and 
infaulted  representatives  of  this  younger  system. 

LOWER   CRETACEOUS   OR  UPPER  JURASSIC  SERIES. 

KOYinnTK  OROITP. 

Distribution. — ^The  Lower  Cretaceous  or  Upper  Jurassic  rocks  rep- 
resented on  the  geologic  map  (PI.  II)  have  been  found  in  the  central 
part  of  the  Koyukuk  basin  and  on  the  northern  face  of  the  Endicott 
Mountains.  These  rocks  in  the  Koyukuk  basin  have  been  called 
by  Schrader '  the  Koyukuk  series,  a  name  that  has  been  applied  also 
to  the  Uthologically  similar  rocks  of  the  Zane  Hills. 

LUhohgic  chardcter, — Schrader  describes  the  tjrpical  formation  as 
an  impure  pinkish  to  reddish-colored  limestone,  which  is  associated 
with  igneous  amygdaloids  and  andesitic  tuffs.'  In  his  later  report  he 
noted  that  in  addition  to  these  rocks  he  found  dark  shale,  slates,  and 
some  sandstones  or  arkose.    The  area  studied  by  Schrader  was  near 

I  lUndle,  E.  M.,  Section  at  Cape  Thompson,  Alaska:  Am.  Jonr.  Sd.,  4th  ser.,  vol.  28, 1900,  pp.  525^28. 

*  Schrader,  F.  C,  Preliminary  report  on  a  reconnaissance  along  the  Chandalar  and  Koynkuk  rivers, 
Alaska,  in  1899:  Twenty-first  Ann.  Rept.  U.  S.  Oeol.  Survey,  pt.  2, 1900,  pp.  476-477;  A  reoonnafssanoe  in 
northern  Alaska:  Prof.  Paper  U.  S.  Qeol.  Survey  No.  20, 1904,  p.  77. 

■  Schrader,  F.  C,  Preliminary  report  on  a  reconnaissance  along  the  Chandalar  and  Koyukuk  rivers, 
Alaska,  in  1899:  Twenty-flrat  Ann.  Rept.  U.  S.  Oeol.  Borvey,  pt  2, 1900,  p.  477. 
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the  northeastern  boundary  of  these  rocks,  where  the  dip  was  in 
^eral  northeast.  He  reported  that  the  limestone  member  is  800 
feet  thick. 

In  the  Zene  Hills,  where  similar  rocks  were  examined  by  the  Smrey 
puty  in  1910,  limestones  were  entirely  absent  and  the  group  con- 
astai  of  agglomeratic  and  arkodc  beds  associated  with  basic  intru- 
sives  and  effusives  cut  by  acidic  intrusives.  This  area  was  near  the 
western  margin  of  this  group,  where  the  strikes  are  dominantly  north* 
vest  to  southeast  and  the  dips  are  westward.  Characteristically  the 
rocks  are  dark  colored,  generally  greenish,  but  here  and  there  dark 
red.  As  they  are  arkosic  rocks,  it  is  very  difficult  in  the  field  to 
differentiate  their  sedimentary  and  igneous  phases,  so  that  the  two 
have  been  mapped  together.  Some  conglomeratic  beds  were  recog- 
rnzed,  but  the  pebbles  were  mainly  of  dark  igneous  rocks,  none  formed 
of  schists  or  granites  having  been  recognized.  Ferromagnesian 
minerals  are  common  and  appear  as  glittering  crystal  faces  on  freshly 
brok^i  specimens.  Generally,  however,  the  rocks  are  too  fine  grained 
to  pemdt  nuMsroecopic  detennination  of  their  component  minerals. 

The  rocks  are  thoroughly  indurated  and  compact,  even  on  exposed 
^irfaces,  where  they  are  firm  and  solid  or  but  little  disintegrated. 
So  w^  are  the  various  components  consolidated  that  the  rock  breaks 
teross  the  grains  rather  than  around  them.  No  great  differences  in 
resistance  to  erosion  were  noted  between  the  different  members,  and 
eonsequently  no  notable  features  have  been  produced  by  erosion. 
Steep  cliffs  have  been  formed  at  many  places,  but  they  do  not  persist 
for  long  distances  nor  mark  easily  identifiable  horizons,  being  rather 
the  expression  of  various  erosive  activities  working  on  essentially 
homogeneous  material. 

Fragments  of  vein  quartz  were  not  recognized  in  the  Koyukuk  group 
and  later  formed  veins  were  not  seen  in  the  Zane  Hills,  though  they 
are  noted  by  Allen  and  Schrader  in  similar  rocks  farther  east.  No 
mineralization  was  seen  and  the  group  is  believed  to  be  practically 

barren. 

Structure. — ^The  major  structure  of  the  Koyukuk  group  where  it  is 
exposed  is  anticlinal.  The  trend  of  the  axis  is  broadly  northwest- 
southeast;  the  dips  are  to  the  east  on  the  eastern  margin  and  to  the 
west  on  Uie  other  side.  However,  there  has  been  much  minor  de- 
formation, so  that  the  structure  is  by  no  means  simple.  Faults  of 
considerable  magnitude  have  been  observed  and  more  prof  oimd  move- 
ments must  be  postulated  in  order  to  explain  the  observed  facts  of 
distribution.  *  As  a  result  of  these  movements  slickensiding  has  been 
p3X)duced  and  in  a  few  places  schistosity  has  been  developed.  It  is 
beheved  that  this  sclustosity,  however,  is  distinctly  local  and  is 
entirely  separated  from  the  schistosity  noted  in  connection  with  the 
undifferentiated  metamorphic  rocks.     (See  pp.  55-60.) 

3P— Bull.  53&-13 6 
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The  deformation  to  which  the  group  has  been  subjected  has  pro- 
duced cleavage  and  jointing.  Schrader '  notes  that  '^ A  profuse  joint- 
ing trends  N.  25**  W.  and  dips  steeply  northeast,  and  a  well-marked 
cleavage  strikes  northeast  and  dips  75^  SE."  In  the  Zane  Hills  no 
such  peraistencj  in  direction  was  observed,  though  the  structures  were 
evident.  Owing  to  the  complex  structure  the  thickness  of  the  group 
was  not  determined,  but  it  is  evidently  great. 

Near  the  granitic  contacts  the  Koyukuk  group  is  in  many  places 
considerably  indurated  and  new  minor  structural  features  have  been 
produced.  It  must  not  be  inferred,  however,  that  the  rocks  have 
been  recrystallized,  for  they  have  not ;  though  the  induration  is  greater 
and  the  texture  is  more  compact  few  new  minerals  have  been 
developed. 

Age. — ^The  age  of  the  Koyukuk  group  has  been  determined  by- 
means  of  fossils  collected  by  Schrader  from  the  pink  limestone  on  the 
west  bank  of  the  Koyukuk  near  Waite  Island  and  from  another  locality 
a  few  miles  farther  downstream  to  the  southwest.  Both  collections 
were  determined  by  Stanton,^  who  reports  that  they  contain  AtLceOa 
eraaaicoUis  Keyserling,  a  fossil  characteristic  of  the  Lower  Cretaceous 
in  Russia,  though  other  species  of  Aucella  are  found  in  the  Upper 
Jurassic.  No  other  fossils  have  been  found  in  this  group  of  rocks  and 
it  is  therefore  evident  that  the  age  of  the  portions  other  than  the  lime- 
stone is  extremely  doubtful. 

The  age  limits  of  this  group  can  not  be  fixed  definitely,  but  certain 
facts  indicate  that  although  some  parts  of  it  may  have  a  more 
extended  range  the  group  as  a  whole  was  formed  during  Lower  Creta- 
ceous time.  The  facts  that  elsewhere  in  Alaska  there  was  a  consider- 
able diastrophic  break  between  the  Upper  and  Ijower  Cretaceous,  that 
Upper  Cretaceous  is  represented  in  the  region  and  lies  unconformably 
above  the  Koyukuk,  that  this  group  is  cut  by  granites  similar  to  the 
granites  represented  by  pebbles  in  the  Upper  Cretaceous  beds,  all  point 
to  the  conclusion  that  these  beds  do  not  extend  above  the  Lower  Cre- 
taceous. On  the  other  hand,  although  none  of  the  older  Mesozoic 
rocks  are  known  to  be  represented  in  the  region,  the  difference  in 
lithology  suggests  that  the  Koyukuk  group  does  not  belong  to  either 
the  Jurassic  or  Triassic. 

AVAJLTUVUK  O&OUP. 

LitJiologic  character. — The  Anaktuvuk  group  of  Lower  Cretaceous 
or  Upper  Jurassic  rocks  has  been  examined  only  by  Schrader,  from 
whose  report  *  the  following  statements  are  practically  quoted. 

The  group  consists  of  impure  sandstone  or  arkose  and  a  little 
conglomerate.    The  sandstone  is  usually  heavy  bedded,  beds  6  to  8 

>  Schnder,  F.  C,  A  rooonnaiassDoe  in  northflm  Alaska:  Prof.  Paper  U.  8.  OeoL  Qarvfj  No.  90^  IffM,  p.  77. 
tidem,  p.  76. 
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feet  in  thickness  beiog  common,  and  is  generally  fine  to  medium 
grained,  but  in  some  localities  becomes  so  coarse  as  to  be  almost  a  grit. 
In  color  it  ranges  from  dark  or  bluish  gray  to  dirty  green.  The 
coarser  grained  rock  commonly  presents  a  speckled  appearance  and 
seems  to  be  composed  of  grains  of  variously  colored  flint.  Although 
distinctly  sedimentary  in  origin,  it  contains  also  some  detritus  of 
igneous  rocks,  such  as  fri^ments  of  feldspar  and  ferromagnesian 
minerals.  The  igneous  rocks  from  which  these  sediments  were 
derived  were  not  observed  in  the  vicinity  of  the  Anaktuvuk.  Cbn- 
^omerate  is  apparently  rare,  having  been  observed  at  only  one  place. 
Here  it  is  typically  rather  fine,  few  pebbles  being  more  than  three- 
fourths  inch  in  diameter.  The  pebbles  are  noted  for  their  angularity 
and  consist  mainly  of  white  quartz  and  dark  slate-colored  flint.  The 
cementation  is  firm,  but  is  not  so  strong  as  that  of  the  Paleozoic 
rocks  to  the  south. 

Rocks  reported  by  Howard  on  the  Colville  have  been  provisionally 
correlated  with  the  Anaktuvuk  group.  Practically  nothing  is  known 
about  these  rocks  except  for  reports  of  prospectors  that  the  sand- 
stones contain  coal  beds  and  the  statement  by  Howard^  that  at  this 
place  outcroppings  of  coal  were  observed.  Inasmuch  as  coal  is  not 
imown  in  the  typical  Anaktuvuk  localities  considerable  doubt  is  felt 
as  to  the  vaUdity  of  this  correlation. 

Xo  accurate  measurement  of  the  thickness  of  the  Anaktuvuk  group 
was  made  by  Schrader,  but  he  estimates  it  to  be  at  least  2,000  feet. 

Structure, — ^The  general  strike  of  the  Anaktuvuk  rocks  is  east  and 
west  and  the  major  structure  is  monoclinal.  The  rocks  in  general 
dip  gently  northward  at  varying  angles  but  present  subordinate 
bw  anticlines  and  synclines.  The  structure  was  probably  produced 
by  the  same  moimtain-building  forces  that  were  exerted  in  the  range 
to  the  south.  Beside  east-west  flexures  the  rocks  exhibit  a  subordi- 
nate or  minor  system  of  cross  folds  or  warpings,  whose  axes  trend 
north  and  south,  giving  rise  here  and  there  to  low  domes. 

The  group  is  freely  traversed  by  two  systems  of  jointing.  The 
domiaant  or  major  system  trends  nearly  northwest  and  dips  almost 
vertically  to  the  southwest.  The  minor  system  traverses  the  rocks 
at  nearly  right  angles  to  the  major  and  trends  northeastward;  dipping 
^ontheastward  at  an  angle  of  about  80^.  Both  systems  seem  roughly 
to  correspond  in  trend  with  the  similar  structure  in  the  Paleozoic 
rocks  in  the  Endicott  Moimtains. 

Age. — ^The  age  of  the  Anaktuvuk  group  was  determined  by  Stanton 
a5  probably  Lower  Cretaceous  by  means  of  fossils  collected  by 
Sehrader  about  8  miles  north  of  the  margin  of  the  Endicott  Mpuntains 
and  at  several  points  still  farther  north.  Of  these  fossils  the  most 
diaracteristic  are  AuceUa  crassicoUis  KeyserUng  and  closely  related 

1  Staoey,  O.  IL,  Naval  ezploratioDa  in  Alaska,  AnnapoUi,  1900,  p.  09. 
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forms  wliich  indicate  Lower  Cretaceous  age,  though  it  is  possible  that 
they  may  come  from  the  uppermost  Jurassic.  Schrader,  however, 
points  out  that  no  fossils  were  obtained  near  the  base  of  the  group 
and  consequently  the  lower  age  limit  is  not  proved.  The  general 
imifoimity  of  lithologic  character  throughout  the  group  suggests 
that  there  is  no  decided  break  ia  the  sequence  of  the  beds  and  that  as 
regards  period  of  formation  the  group  is  probably  a  unit. 

On  paleontologic  grounds  the  Anaktuvuk  group  may  be  directly 
correlated  with  the  Koyukuk  group,  which  occurs  on  the  south  side  of 
the  mountains.  Lithologically,  however,  the  two  are  entirely  dis- 
similar, for  although  contemporaneous  igneous  rocks  are  numerous 
in  the  southern  area  they  are  entirely  absent  in  the  r^on  north  of  the 
range. 

T7FPEB  CBETAOEOTJS  SEBIBS. 
BBRGMAV  OROTTP. 

Distribution. — ^Upper  Cretaceous  rocks  occur  extensively  in  the 
Koyukuk  basin  and  also  south  of  the  Kobuk.  These  rocks  were  first 
recognized  by  Schrader  in  1899,^  but  were  not  adequately  described 
until  after  Mendenhall's  and  Schrader's  expeditions  in  1901 .  Menden- 
hall's  results  were  published  about  two  years  earlier  than  Schrader's, 
but  the  field  work  on  which  the  reports  were  based  was  practically 
contemporaneous.  The  name  Bergman  is  derived  from  a  formerly 
important  trading  post  on  the  Koyukuk  below  Alatna  River. 

LUJiologic  character. — Dominantly ,  the  Bergman  group  is  a  series  of 
dark  greenish-gray  arkosic  conglomerates  and  sandstones.  The  base 
of  the  section  exposed  on  Alatna  River,  on  the  lower  part  of  John 
River,  and  on  the  upper  part  of  the  Kobuk  is  a  conglomerate  made 
up  of  pebbles  of  the  older  rocks,  namely  schists,  limestones,  vein 
quartz,  and  igneous  rocks,  such  as  greenstones  and  granites.  The 
beds  are  thoroughly  indurated  and  are  usually  more  resistant  than 
the  higher  sandstones.  As  a  result,  they  form  conspicuous  pinnacled 
ridges,  particularly  in  the  range  north  of  the  Kobuk  from  Beaver 
River  westward  to  the  Mauneluk.  It  is  because  of  similarity  in 
topographic  expression  in  this  particular  that  the  hills  south  of  the 
Kobuk  from  Ambler  River  westward  are  correlated  with  the  areas 
of  Upper  Cretaceous  rocks.  This  division  corresponds  closely  in  all 
physical  features  with  the  Ungalik  conglomerate,  of  probable  Upper 
Cretaceous  i^e,  described  in  the  extreme  eastern  part  of  Seward  Pen- 
insula and  the  adjacent  Norton  Bay  region.^ 

Toward  the  top  of  the  lower  division  sandstones  become  more 
numerous,  and  at  its  top  the  group  is  composed  almost  entirely  of 

1  Schrader,  F.  C,  op.  dt.,  p.  77. 

*  Smith,  P.  S.,  and  Eakln,  H.  U.,  A  goologio  reooonaissanoe  in  southeastern  Sevrard  Peolnsala  and  the 
Norton  Bay-Nulato  region,  Alaska:  Bull.  U.  S.  Oeol.  Survey  No.  449, 1911,  pp.  55-57. 
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sttdstones  which  are  practically  indistinguiBhable  from  the  sand- 
stones of  the  ShaktoUk  group  of  the  more  southern  part  of  the 
Koyukuk  basin.*  The  rock  is  medium  fine  grained,  of  rather  uniform 
texture,  and  generally  of  a  greenish-gray  color.  It  is  thoroughly 
indurated  and  offers  fair  resistance  to  weathering,  not  so  great  resist* 
ao£e,  however,  as  most  of  the  rocks  already  described.  As  a  result, 
tEe  saiubtone  portion  of  the  Bergman  group  generally  forms  some- 
fhat  rounded,  coarsely  dissected  hills  of  medium  elevation. 

The  rock  contains  abundant  fragments  of  rather  angular  ferro- 
sagneBian  minerals  and  feldspars,  whose  glittering  faces  and  partial 
crystal  outline  resemble  the  phenocrysts  of  an  igneous  rock.  Gen- 
fftOy,  the  beds  are  rather  massive,  showing  no  pronounced  stratifi- 
tttion.  At  many  places,  however,  beds  of  dark  shale  interlaminated 
with  the  sandstones  serve  to  bring  out  the  structure.  No  extensive 
^Kisures  of  the  shales  were  observed  by  the  expeditions  of  1010  or 
M,  but  Mendenhall'  notes  belts,  of  shale  many  hundred  feet  thick. 
Be  also  notes  red  and  green  shales  in  the  Kobuk  basin  near  Lake 
Nutavukti,  but  such  shales  have  not  been  recognized  in  other  parts 
rf  the  region. 

Fragments  of  what  appears  to  be  wood  and  lignitic  beds  have  been 
found  here  and  there  in  the  sandstone  member.  A  bed  of  lignite 
^urs  in  the  hills  immediately  east  of  Pah  River,  and  another  near 
Tnimway  Bar  on  the  North  Fork  of  the  Koyukuk,  but  both  beds  are 
apparently  thin  and  of  poor  quality.  Owing  to  the  absence  of  deter- 
^ative  fossils  some  areas  in  the  central  part  of  the  Kobuk  basin 
j3*pped  provisionally  as  Tertiary  may  prove  to  be  Upper  Cretaceous, 
^  which  case  workable  lignite  beds  may  on  closer  examination  be 
'ound  in  the  Bergman  grou}). 

Strudwe. — The  Bergman  group  as  a  whole  is  considerably  folded 
^i  faulted,  and  the  average  inclination  of  the  beds  is  probably 
^bout  45°.  Along  the  northern  margin  of  the  area  occupied  by  these 
^ks  the  strike  is  approximately  east-west  and  the  dip  south,  but 
^^en  in  localities  so  near  the  northern  margin  as  the  Lockwood  Hills 
jke  dip  is  in  places  northward.  The  group  has  therefore  been  thrown 
iQto  a  number  of  appressed  but  not  overturned  folds.  This  deforma- 
^on  was  accompanied  by  faulting  but,  so  far  as  determined,  by  no 
Mound  dislocation,  and  the  faults  appear  to  have  been  of  the 
ncBinal  or  gravitative  type.  The  Bergman  group  appears  to  have 
"^Q  less  severely  deformed  than  the  Koyukuk  group  in  the  same 
^on,  and  this  appearance  was  also  noted  by  Schrader,'  who  states: 

^  the  whole  the  series  does  not  seem  to  have  received  from  the 

'^  p.  8.,  and  EaUn,  H.  M.,  op.  cit.,  pp.  57-«0. 

'Mesdeoiy^  W.  C,  BiwonnnlMinne  from  Fort  Hamlin  to  Kotiebue  Somid,  Alaska:  Prof.  Paper  U.  S. 
^  Somy  No.  10,  1902,  p.  39. 
^^'»*1«,  P.  C,  op.  €it.,  p.  78. 
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of  muscovite  and  foils  of  chlorite.  These  beds  have  a  distinct  brown 
color  by  which  at  a  distance  they  may  be  distinguished  from  the  other 
rocks. 

About  25  miles  west  of  the  locality  on  Ambler  River  and  just  below 
the  mouth  of  Hunt  River  there  is  an  outcrop  of  a  hard  quartz  conglom- 
erate containing  coal  fragments,  and  prospectors  report  that  sinular 
beds  form  bluffs  for  several  miles  along  the  lower  course  of  Hxuit 
River.  In  the  banks  of  the  Kobuk  30  miles  still  farther  west  are 
the  most  extensive  exposures  of  these  rocks.  For  8  to  10  miles  below 
the  mouth  of  Reed  River  a  succession  of  conglomerate  layers,  with 
pebbles  of  quartz,  mica  schist,  limestone,  and  serpentine  embedded 
in  a  micaceous  matrix  alternating  with  less  resistant  beds,  is  in  places 
exposed  in  both  banks  of  the  Kobuk.  The  individual  conglomerate 
beds  vary  from  10  to  200  feet  in  thickness,  but  are  of  rather  uniform 
character.  The  softer  beds  between  are  sandstones,  shales,  fire  clays, 
and  coals.    The  coals  in  these  rocks  are  described  on  pages  151—152. 

According  to  Mendenhall  the  Tertiary  rocks  of  the  Kobuk  basin 
are  everywhere  thrown  into  folds.  Faults,  however,  were  not  ob- 
served. The  structure  is  decidedly  complex  and  is  distinctly  local, 
but  time  was  not  available  for  examining  the  exposures,  so  that  the 
structural  details  can  not  be  stated.  Owing  to  the  fact  that  the 
structure  was  not  completely  worked  out  the  thickness  of  the 
Tertiary  rocks  was  not  determined. 

▲OS  AVD  XVTSBBBXJLTZOn. 

The  age  of  the  Tertiary  beds  of  the  Kobuk  region  was  first  deter- 
mined by  Dall,^  whose  decision  was  based  on  specimens  and  descrip- 
tions furnished  by  Cantwell,  without  fossils.  However,  apparently 
from  the  fact  that  these  beds  were  similar  to  and  on  the  strike  of 
f ossUif erous  beds  of  supposed  Tertiary  age  to  the  southeast,  near  Nu- 
lato,  Dall  says:  "There  can  be  little,  if  any,  doubt  that  they  belong 
to  the  same  series."  Subsequently,  during  the  explorations  by 
Mendenhall,  fossils  were  obtained  from  the  sandstones  near  the 
mouth  of  Reed  River.  These  were  examined  by  Knowlton,*  who 
reported: 

This  collection  consists  of  five  small  specimens,  the  matrix  being  giayish,  fine- 
grained, very  hard  sandstone.  The  plant  remains  are  not  retained  with  great  fidelity, 
but  fortunately  all  are  determinable.  Four  species  are  represented,  as  follows: 
Ginlgo  sp.,  probably  O.  adiantaideB  (linger)  Heer,  Taxodium  digtidhum  miocenum, 
Heer,  Taax)dium  tinajorum  Heer,  Populua  arctica  Heer.    With  so  few  species  as  a  basis 

1  DaQ,  W.  H.,  and  Haxrb,  O.  D.,  CoiraiatUm  paptn,  Neooane:  BulL  U.  S.  0«oL  Sorvay  No.  84, 1899,  pp. 
348-340. 

>  Mendenhall,  W.  C,  Reooxmaiasanoe  from  Fort  Hamlin  to  KoUebue  Sound,  Alaska:  Prof.  Paper  U.  S. 
OeoL  Survey  No.  10, 1903;  pp.  42. 
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for  comparison  it  is  not  possible  to  speak  very  dogmatically  as  to  their  probable  age, 
but,  all  things  considered,  I  should  incline  to  refer  them  to  the  so-called  Arctic 
tfioceDe,  which  is  now  generally  regarded  as  belonging  really  to  the  Upper  Eocene. 

The  Eocene  age  of  the  fossils  seems  fairly  well  established,  but 
the  question  previously  raised  (see  p.  87),  whether  or  not  there  was 
unbroken  deposition  from  the  Upper  Cretaceous  into  the  Eocqne,  so 
that  the  two  merge  uninterruptedly,  should  be  considered.  The 
similar  area!  distribution  of  the  two  series,  their  similar  lithology, 
and  the  apparently  identical  diastrophic  history  to  which  both  have 
been  subjected,  all  point  to  the  conclusion  that  there  was  no  strati- 
graphic  break  between  the  Mesozoic  and  the  Tertiary.  According 
to  this  interpretation  the  Eocene  beds  of  the  Kobuk  basin  mark 
deposits  formed  close  inshore  or  in  part  on  the  land  at  a  late  period 
in  a  cycle  of  constantly  encroaching  marine  invasion  which  commenced 
in  the  Upper  Cretaceous  and  was  terminated  by  mountain  building 
at  the  close  of  the  Eocene.  In  other  words,  the  conglomerate 
deposited  close  to  the  old  land  during  this  cycle  of  submergence  is 
regarded  as  forming  an  unbroken  lithologic  unit  which  ranges  in  age 
from  Eocene  to  Upper  Cretaceous. 

QUATEBNART   STSTSM. 

DrnBioire  of  the  depobitb. 

A  great  many  deposits  of  Quaternary  ago  have  been  recognized  in 
the  Noatak-Kobuk  region.  These  beds  have  been  formed  under 
ni&ny  different  conditions  during  a  considerable  period  of  time;  and 
Daay  be  divided  into  three  distinct  types,  namely,  marine,  stream, 
uid  glacial  deposits.  Some  of  these  deposits  belong  to  one  or  the 
other  of  the  above  types,  but  in  the  main  the  various  processes  have 
so  interacted  that  the  result  has  been  deposits  having  features  char- 
acteristic of  several  agencies.  Although  an  attempt  will  be  made  to 
distinguish  the  various  agencies  involved  in  the  formation  of  the  dif- 
ferent deposits,  the  subdivisions  used  in  mapping  and  in  the  follow- 
ing descriptions  are  based  on  time  of  formation  rather  than  on  mode 
of  genesis.  Only  two  divisions  have  therefore  been  made  of  the 
Quaternary  deposits  shown  on  the  geologic  map  (PL  II),  namely, 
the  recent  deposits  and  the  older  bench  or  high-level  gravel  deposits. 
In  many  places  it  has  been  impossible  to  draw  a  hard  and  fast  line 
between  the  two  divisions,  not  only  because  of  the  lack  of  specific 
information  but  to  a  great  extent  because  the  scale  of  the  map  is 
Hot  large  enough  to  permit  the  facts  to  be  represented  without  enor- 
^OMs  exaggeration.  To  emphasize  the  limitations  imposed  by  the 
sc^le  it  may  be  pointed  out  that  a  deposit  100  yards  wide  in  the  field 
^ould  be  represented  on  the  map  by  a  line  about  0.007  of  an  inch 
4ick.  Consequently  the  Quaternary  deposits,  especiaUy  the  recent 
^vels,  have  been  omitted  from  all  the  smaller  streams. 
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OLDSB  DBPOSITB. 

DI8TRIB17TION. 

The  older  gravels  occupy  much  more  extensive  areas  than  the 
recent  deposits  described  on  pages  104-106.  They  spread  over  much 
of  the  region  and  give  the  dominant  features  to  the  topography  near 
the  main  rivers.  Their  origin  is  complex,  and  although  they  have  been 
studied  at  many  places,  not  enough  is  known  of  the  entire  region 
to  allow  an  adequate  treatment  of  their  distribution  and  interrela- 
tion. 

In  the  Noatak  region  these  older  gravel  deposits  are  most  abundant 
between  the  coast  and  the  Igichuk  Hills,  in  the  Mission  lowland,  and 
in  the  Aniuk  lowland,  but  small  renmants  here  and  there  on  the 
hillsides  above  the  present  streams  in  many  parts  of  the  basin  point 
to  a  much  wider  distribution  of  these  deposits  in  the  past.  In  the 
Kobuk  basin  extensive  deposits  occur  near  the  mouth  of  the  river, 
and  from  Squirrel  River  eastward  to  a  point  beyond  Reed  River. 
Here,  also,  a  much  wider  distribution  is  indicated  for  these  deposits 
in  the  past.  In  the  part  of  the  Koyukuk  basin  treated  in  this  report 
there  are  enormous  areas  of  old  gravel  deposits.  Along  the  main 
river  the  largest  areas  of  these  deposits  occur  southwest  of  the  Zane 
Hills,  south  of  the  Alashuk  and  south  and  east  of  the  mouth  of  the 
Alatna.  On  the  tributaries  of  the  Koyukuk  large  areas  occur  in  the 
basin  of  the  Hogatza,  in  the  lower  part  of  the  Alatna,  and  in  the 
vicmity  of  Siruk  Creek,  possibly  joining  with  the  Hogatza  flats,  and 
in  the  lower  part  of  John  River.  On  all  the  streams,  however,  there 
are  higher  smaller  deposits  that  are  apparently  portions  of  more  exten- 
sive deposits  which  have  been  partly  removed  by  erosion.  All  these 
areas  of  older  Quaternary  deposits  are  indicated  on  the  geologic 
map  (PI.  H),  which  best  illustrates  their  distribution. 
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Noatak  ba^n. — Certain  of  the  oldei*  deposits  were  evidently  formed 
by  a  single  process,  but  most  of  them  were  produced  by  various 
activities,  so  that  it  is  difficult  to  classify  the  several  deposits  by 
genesis,  and  therefore  a  regional  classification  has  been  adopted. 
According  to  this  plan  the  deposits  of  each  of  the  larger  streams  will 
be  described  separately,  though  reference  will  be  made  to  other  areas 
where  similex  or  related  deposits  occur  and  their  genesis,  so  far  as 
known,  will  be  stated. 

The  Noatak  basin  formerly  contained  extensive  valley  glaciers. 
He  limits  reached  by  the  ice  have  not  been  detenmned,  for  with  the 
waning  of  glaciation  great  glaciofluviatile  outwash  deposits  mantled 
most  of  the  lowlands,  effectively  concealing  many  of  the  older  deposits 

\d  the  previous  topography.    It  is  believed,  however,  that  the 
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glaciers  originating  in  the  headwater  mountains  did  not  extend  as  far 
as  the  camp  of  August  11,  at  the  east  border  of  the  second  highland 
province,  and  the  glaciers  formed  in  the  hills  north  of  the  Mission 
lowland  do  not  appear  to  have  extended  to  the  sea  within  the  explored 
area.  With  the  more  complete  disappearance  of  glaciers,  except  in 
the  protected  mountain  recesses,  the  Noatak  b^an  to  excavate  and 
reassert  the  material.  Of  the  older  buried  deposits  little  is  known 
except  where  they  are  exposed  in  the  natural  sections  along  the 
streams. 

Most  of  the  older  outwash  deposits  seen  are  composed  of  fairly 
well  stratified  material  but  contain  niany  irregular  bowlders,  the 
largest  weighing  a  hundred  tons  or  more.  These  bowlders  were  seen 
in  various  stages  of  emei^ence  from  the  gravel  deposits  in  which  they 
occur,  and  were  particularly  evident  at  places  where  the  older  deposits 
had  been  transected  by  streams  where  they  formed  rapids  in  the  river. 

In  some  of  these  deposits  bones  of  extinct  animals  were  f  oimd.  In 
water-rounded  and  stratified  gravels  on  the  north  bank  of  the  river 
below  the  camp  of  August  12  portions  of  the  skull  and  limbs  of  a  mam- 
moth were  found.  In  the  gravels  of  the  first  stream  below  the  camp 
of  August  7  and  on  the  stream  about  6  miles  above  the  camp  of  August 
12,  on  the  south  side  of  the  river,  pieces  of  the  tusk  of  a  mammoth, 
evidently  washed  out  of  the  higher  level  deposits,  were  found  in  the 
present  creek  gravels.  The  natives  report  that  a  good  deal  of  fossil 
ivory  is  found  in  the  deposits,  and  they  keep  a  careful  lookout  for  it 
when  traveling  along  the  river,  as  it  has  a  cash  value  of  about  a  dollar 
a  pound.  Fragments  of  various  bones  from  the  mammoth,  aU  con- 
siderably waterwom,  were  seen  near  many  of  the  abandoned  native 
camps. 

In  the  upper  part  of  the  outwash  deposits  at  many  places  are  beds  of 
ice,  more  or  less  mixed  with  muck  and  silt,  but  in  places  almost  pure. 
A  typical  ice  bed  20  feet  or  more  thick  is  shown  in  Plate  XII,  B,  which 
represents  a  place  between  the  camps  of  August  18  and  August  19. 
At  this  place  masses  of  ice  are  exposed  ia  the  banks  of  the  Noatak 
up  to  an  elevation  of  150  feet  above  the  river.  Upon  the  ice  lies  a 
tbin  cover  of  silt  and  forest  litter  on  which  spruce  trees  and  other 
v^tation  are  growing,  as  is  shown  in  the  view.  Where  exposed  the 
ice  melts  rapidly,  the  water  drains  away,  and  the  muck  and  debris 
collect  as  a  sticky  mud.  Twigs  and  branches  of  willow  and  spruce 
&re  in  places  interbedded  in  peaty  layers  with  the  ice,  indicating  alter- 
nations of  deposition  and  of  land  surfaces.  No  mammalian  remains 
were  found  associated  with  the  ice  beds.  Owing  to  the  rapid  melting 
caves  and  pinnacles  are  formed  and  where  these  occur  in  the  river 
hanks  the  material  is  constantly  dropping  into  the  stream,  the  large 
fragments  that  break  off  endangering  small  boats  by  the  waves  they 
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create.  Ice  beds  of  this  sort  were  seen  at  short  interrals  all  along  the 
Noatak  from  the  camp  of  August  4  to  the  mouth,  except  where  the 
hills  are  close  to  the  river. 

The  general  aspect  of  the  topography  to  which  these  older  d^osits 
give  rise  in  the  Noatak  basin  is  fairly  well  shown  in  Plates  IV,  V,  ajid 
VI,  but  Plate  XTTT,  B,  isken  from  the  terrace  back  of  the  camp  of 
August  1  f  in  the  eastern  part  of  the  Noatak  Valley,  shows  certain  fea- 
tures in  somewhat  more  detail.  In  this  view  the  Noatak  appears  at  the 
right  with  the  bare  stream-gravel  flood  plain  in  process  of  formation. 
An  earlier  flood-plain  deposit  in  which  the  river  is  intrenched  lies  6  to 
10  feet  above  the  level  seasonally  overflowed  by  the  river  and  forms  the 
central  part  of  the  view.    This  plain  has  been  cut  in  an  older  outwash 
deposit  whose  surface  rises  100  to  150  feet  above  the  river.    The 
slopes  leading  to  this  higher  level  are  as  steep  as  the  angle  of  repose 
of  the  material.    Lakes  of  irr^ular  form,  which  differ  greatly  in 
size,  he  here  and  there  on  the  upland.    One  of  these  lakes,  seen 
toward  the  left  of  the  view  given  in  Plate  XTTT,  B,  stands  in  a  position 
which  indicates  that  it  probably  lost  some  of  its  former  extent  by  the 
cutting  of  the  now  abandoned  flood  plain  already  noted.    Above 
this  rather  prominent  terrace  at  least  four  other  benches  may  be  seen 
on  the  hillsides  to  the  left,  the  highest  being  at  least  500  feet  above 
the  river. 

It  is  evident  from  this  view  that  various  stages  of  valley  filling  and 
reexcavation  are  recognizable.  In  this  rapid  exploratory  trip  the 
different  levels  could  not  be  correlated  and  the  elevation  of  the  highest 
deposits  could  be  determined  only  at  long  intervals  and  often  at 
unfavorable  localities.  It  has  seemed  desirable,  however,  to  record 
certain  observations  on  the  upper  limit  of  recognized  gravel  deposits 
in  the  Noatak  basin.  These  observations  were  made  at  Twelvemile 
Creek,  at  Midas  Creek,  at  the  canyon,  and  on  the  northwestern  slopes 
of  the  Igichuk  HiUs.  On  the  hill  southeast  of  Twelvemile  Creek  water- 
rounded  bowlders  of  granite,  which  had  evidently  been  transported 
far,  as  none  of  this  rock  outcrops  in  the  vicinity,  were  found  in  great 
numbers  up  to  an  elevation  of  1,200  feet  above  the  river  or  3,600  feet 
above  the  sea,  and  for  200  feet  higher  the  slope  remained  constant, 
as  if  the  gravels  might  extend  to  that  height.  Northeast  of  the  camp 
of  August  2,  near  Midas  Creek,  a  low  bench  120  feet  above  the  Noatak 
lies  about  a  mile  distant  from  the  river.  In  the  next  mile  are  several 
higher  terraces,  irr^ularly  distributed,  but  having  rather  flat  tops. 
Each  of  the  benches  toward  the  northeast  ia  slightly  higher  than  the 
preceding  one,  but  the  gravels  are  not  very  thick,  for  a  knob  of  schist 
with  a  thin  layer  of  gravels  on  top  is  exposed  at  an  elevation  of  500 
feet  above  camp.  The  last  definite  water-worn  gravel  recognized  was 
a  granite  bowlder  at  an  elevation  of  850  feet  above  camp  or  over 
3,000  feet  above  the  sea.  At  the  canyon  of  the  Noatak  well-worn 
water-deposited  material  was  recognized  up  to  an  elevation  of  nearly 
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800  feet  above  the  river  or  1,400  feet  above  the  sea.  Southwest  of 
the  camp  of  August  23  the  drainage  of  the  lower  slopes  of  the  Igichuk 
HiUs  is  discontinuous,  the  creeks  emptjrb^  into  small  lakes  that  have 
00  surface  outlet.  The  topography  is  strongly  su^estive  of  the 
familiar  knobs  and  kettles  of  a  glaciated  region,  but  the  presence  of 
limestones  in  the  vicinity  makes  it  possible  to  explain  the  feature  as 
due  to  sink  holes  of  peculiar  form.  Farther  away  from  the  river  the 
gravel  terraces  and  benches  become  smoother  and  more  regular  and 
extend  uninterruptedly  to  an  elevation  of  800  feet  above  the  Noatak, 
or  over  1 ,000  feet  above  the  sea.  It  is  possible  that  the  gravels  may 
even  have  extended  400  feet  higher,  for  on  top  of  the  1,400-foot  knob 
some  fragments  of  black  chert,  possibly  of  foreign  origin,  were  found. 

In  giving  the  foregoing  elevations  it  is  not  intended  to  si^est  that 
ihey  all  fall  in  one  continuous  plane,  for  it  is  far  more  probable  that 
minor  deformations  have  occurred  or  that  the  high  deposits,  such  as 
that  near  Twelvemile  Creek,  may  have  been  formed  near  the  front 
of  a  former  glacier  and  had  a  very  steep  slope,  whereas  much  thinner 
and  consequently  lower  deposits  were  formed  elsewhere  at  the  same 
time.  Some  evidence  of  this  fact  is  afforded  by  exposures  north  of 
the  Noatak  between  the  camps  of  July  28  and  August  1.  At  this 
place  a  knob  that  rises  150  feet  above  the  river  and  that  is  composed 
of  silt  and  gravel  shows  well-marked  bedding,  which  dips  south  at  an 
angle  of  about  65^.  The  silt,  which  is  mainly  on  the  south  side  of 
the  hill,  is  but  slightly  consoUdated,  though  pieces  a  foot  in  diameter 
can  be  picked  up  without  breaking,  and  contains  considerable  v^etal 
matter,  which  is  not  much  carbonized.  The  gravel,  wliich  apparently 
underUes  the  silt,  ib  not  sufficiently  well  consolidated  to  stand  but 
forms  a  loose  rubble.  The  evidence  seems  to  show  that  the  high 
dip  of  the  silt  is  essentially  the  original  depositional  slope  and  marks 
practically  the  front  of  the  deposit. 

Other  evidence  for  the  conclusion  that  the  higher  gravels  did  not 
mark  the  same  continuous  plane  may  be  found  in  the  vicinity  of  the 
canyon.  The  peculiar  drainage  features  and  the  presence  of  high- 
level  gravels  at  this  place  are  believed  to  be  best  explained  by  assum- 
mg  obstruction  of  the  main  valley  by  a  glacier  deploying  from  the 
Kugururok.  According  to  this  explanation,  the  glacier  filled  the 
former  Noatak  Valley  and  forced  discharge  along  the  southern  mar- 
gin of  the  ice,  the  ice  remaining  in  this  position  long  enough  for  the 
river  to  carve  the  canyon  so  deep  that  when  the  glacier  disappeared 
the  stream  did  not  resume  its  former  course,  which  had  been  partly 
silted  in  and  blocked  by  glacial  detritus. 

Still  other  evidence  ia  afforded  by  the  deposits  and  topography  in 
the  Mission  lowland  and  Igichuk  Hills.  Northwest  of  the  camp  of 
August  23  there  is  a  broadly  open  gap,  not  over  500  feet  above  the  sea, 
which  appears  to  have  been  the  former  course  of  the  Noatak  to  the 
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No  definite  proof  of  the  amount  of  ice  in  the  main  Kobuk  Valley 
has  been  obtained,  but  the  effect  of  the  action  of  the  ice  on  the 
drainage  indicates  a  body  of  considerable  extent.  No  frontal  moraines 
of  the  main  Kobuk  glacier  have  been  recognized,  though  the  reces- 
sional moraines  of  the  tributary  valleys,  described  above,  are  sharp 
and  definite.  Probably  the  ice,  after  flowing  down  the  larger  tribu- 
tary valleys,  expanded  into  lobes  on  entering  the  Kobuk  lowland. 
Perhaps  several  lobes  coalesced  and  formed  a  continuous  glacier  that 
occupied  the  eastern  part  of  the  valley.  It  seems,  however,  as  if  the 
ice  in  the  Kobuk  Valley  must  have  been  dominantly  a  stagnant  mass 
rather  than  a  vigorously  eroding  agent  and  that  it  obstructed  drain- 
age instead  of  eroding  the  surface. 

Evidence  of  this  obstruction  is  seen  in  that  part  of  the  basin  between 
Ambler  River  and  Reed  River.  The  details  of  the  history  of  this 
obstruction  have  not  been  worked  out,  but  it  appears  that  at  one  time 
the  glacier  occupying  the  valley  of  Lake  Selby  extended  across  the 
Kobuk  Valley  and  abutted  on  the  Lockwood  Hills,  forming  a  lake 
upstream — that  is,  east  of  this  barrier.  As  the  lake  rose  its  surface 
at  last  reached  the  elevation  of  the  lowest  sag  across  the  Lockwood 
Hills  and  spilled  over.  The  channel  thus  formed  was  eroded  rapidly 
until  it  became  a  narrow  gorge,  cut  down  to  an  elevation  of  about  800 
feet  above  sea  level.  This  now  appears  as  the  transverse  gap  in  the 
hills  about  17  miles  east  of  the  mouth  of  Pah  River.  The  narrowness 
of  the  gorge  and  the  character  and  relations  of  the  deposits  point  to 
the  conclusion  that  the  erosive  agency  was  water  rather  than  ice. 
The  evidence  of  the  high  level  of  the  lake  is  shown  by  gravel  terraces 
and  irr^ular  deposits  up  to  an  elevation  of  1,000  feet  above  the 
Kobuk,  or  1 ,400  feet  above  the  sea. 

With  the  imblocking  of  westward  drainage  by  the  retreat  of  the 
Lake  Selby  glacier  it  appears  that  a  lower  gap  was  uncovered  in  the 
place  now  marked  by  Pah  River.  Farther  downstream  the  lai^e 
Ambler  glacier  still  obstructed  westward  drainage,  and  it  is  by  no 
means  improbable  that  the  Kogoluktuk  and  Maimeluk  glaciers  also 
may  have  formed  barriers  to  free  westward  discharge.  This  stage  is 
marked  by  large  gravel  terraces  200  to  300  feet  above  the  Kobuk. 
With  farther  retreat  of  glaciation  the  Ambler  obstruction  was  removed 
and  free  westward  drainage  was  permitted.  It  is  diflicult,  however, 
to  explain  why  the  transverse  southward  drainage  by  way  of  the  Pah 
was  abandoned  and  the  present  northward  drainage  established.  The 
full  explanation  would  imdoubtedly  involve  a  number  of  connected 
incidents,  such  as  the  unblocking  of  the  western  discharge,  the  dimi- 
nution in  the  amount  of  water,  the  glaciation  in  the  Zane  Hills  to  the 
south,  the  reversal  of  course  through  capture,  and  possibly  also  tilting. 

Deposits  were  formed  not  only  in  places  where  obstructions  caused 
Uversion  of  drainage,  but  even  where  a  free  discharge  was  permitted^ 
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at  localities  where  glacially  eroded  materials  were  deposited  beyond 
the  front  of  the  ice.  It  is  impossible  to  indicate  the  extent  of  the 
modifications  of  the  topography  produced  by  this  enormous  outwash 
d  material.  Without  doubt  much  of  the  Kobuk  lowland  and  the 
lowland  north  of  the  Cosmos  Hills  is  formed  of  this  group  of 
deposits,  though  definite  criteria  are  now  unrecognizable^  as  the 
gravels  have  been  partly  transported  by  running  water. 

With  the  disappearance  of  glaciation  the  new  drainage  lines  that 
had  become  established  were  continued  and  the  temporary  lines,  due 
only  to  the  ice  occupation,  were  abandoned.  As  a  result  channels 
mArkiTig  short-lived  discharges,  now  unoccupied  by  streams,  are  rep- 
resented by  passes,  such  as  that  between  Wesley  and  Ruby  creeks  or 
the  divide  at  the  head  of  Cosmos  Creek.  With  the  development  of  the 
new  drainage  lines  the  streams  in  some  places  were  forced  to  excavate 
part  of  the  glacial  filling  of  their  valleys ;  in  other  places  glacial  erosion 
had  deepened  the  vallejrs,  so  that  stream  deposition  took  place;  in 
8tiU  other  places  glacial  modification  was  so  slight  that  the  streams 
flow  almost  on  the  pr^lacial  surfaces. 

Considerable  space  has  been  devoted  to  describing  what  is  known 
or  sormised  about  the  conditions  under  which  these  deposits  have 
been  formed,  for  the  questions  involved  are  not  only  of  academic 
interest  but  are  of  practical  importance,  as  a  full  understanding  of  the 
processes  and  conditions  imder  which  these  deposits  were  formed 
would  undoubtedly  contribute  greatly  to  the  successful  search  for 
placers  and  prevent  much  useless  exploitation. 

In  the  vicinity  of  Squirrel  River  and  at  a  few  points  farther  down 
the  Kobuk,  as  well  as  near  the  camp  of  August  25  on  the  Noatak,  depos- 
its of  well-eorted  and  rounded  gravels,  composed  almost  entirely  of 
quartz  pebbles,  form  notable  terraces  up  to  elevations  of  about  400 
feet  above  the  sea.  These  and  the  other  deposits  near  the  mouth 
of  the  Eobuk  have  not  been  studied  closely  enough  to  determine 
their  mode  of  origin.  It  is  probable  that  some  of  them  are  of  marine 
or  flnviomarine  origin,  the  origin  suggested  for  certain  of  the  deposits 
at  the  mouth  of  the  Noatak. 

Koyvkuk  basin. — ^The  older  gravel  deposits  of  the  main  Eoyukuk 
Valley  have  not  been  examined  critically  and  little  is  known  about 
them,  except  that  probably  in  large  measure  they  are  formed  of  the 
outwash  from  the  various  tributary  streams  during  the  maximum 
period  of  glaciation.  So  far  as  known,  glacial  ice  did  not  reach  the 
valley  of  the  main  river,  but  the  evidence  as  to  the  foremost  stand 
of  the  ice  is  obscured  by  the  later  deposits.  Although  little  is  known 
of  the  deposits  in  the  main  stream  valley,  those  in  the  valleys  of 
Hogatza,  Alatna,  and  John  rivers  have  been  seen  in  some  detail  and 
the  facts  learned  about  each  will  be  given  in  the  following  pages. 
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The  laiger  part  of  the  Hogatza  drainage  basin  up  to  an  elevation 
of  about  1,000  feet  is  gravnl  filled.  Only  the  western  and  north- 
western part  of  this  lowland  has  been  examined  and  its  eastern  part 
may  possibly  connect  with  the  low  area  that  extends  westward  from 
the  Alatna  near  Siruk  Creek.  The  Zane  Hills,  which  bound  the 
basin  to  the  west,  were  the  source  of  small  valley  glaciers  that  formed 
moraiaes  and  outwash  deposits  which  constitute  the  dominant  topo- 
graphic features  of  this  part  of  the  basin.  The  deposits  show  a  wide 
range  in  character  of  material,  but  most  of  them  appeared  to  be 
waterlaid. 

The  deposits  along  the  northern  margin  of  this  lowland,  where  the 
gravels  lap  up  on  the  south  side  of  the  Lockwood  Hills,  contain 
many  bowlders,  apparently  derived  from  areas  outside  the  present 
basin.  No  deposits  formed  by  glaciers  originating  in  the  Lockwood 
Hills  were  recognized,  and  whatever  ice  existed  in  these  hills  was 
probably  so  small  in  amount  that  it  was  relatively  ineffective  as  an 
agent  of  erosion  and  transportation.  An  outline  of  the  conditions 
imder  which  certain  of  the  deposits  in  the  northern  part  of  the 
Hogatza  basin  were  formed  has  already  been  given  in  the  descrip- 
tion of  the  former  spillways  of  the  ice-impounded  waters  of  the 
Kobuk  (p.  96).  Here  as  there  many  details  are  still  obscure  and 
much  investigation  will  be  required  to  elucidate  them  satisfactorily. 

The  Alatna  basin  has  undeigone  extensive  glaciation  of  a  valley 
type,  as  is  shown  by  many  of  its  topographic  features,  such  as  trun- 
cated spurs,  oversteepened  slopes,  and  the  locally  overdeepened 
valley  floor.    The  whole  form  of  the  Alatna  Valley  shows  that  it 
was  modeled  by  a  laiger  and  less  wieldy  agent  than  running  water 
and  then  been  partly  filled  in  and  partly  reexcavated,  so  that  the 
present  streams  show  courses  discordant  with  that  of  the  valley. 
Only  the  deposits,  however,  will  be  described  here,  not  the  erosional 
forms  produced  by  glaciation.    No  topographically  recognizable  mo- 
raines were  noted  in  the  valley,  but  resorted  deposits,  containing 
laige  angular  bowlders,  apparently  ice  transported,  were  found  in 
many  places.    About  13  miles  south  of  the  junction  of  Helpmejack 
Creek  and  the  Alatna  there  is  a  deposit  of  blue  clay  containing  stri- 
ated pebbles,  which  was  probably  formed  of  glacial  rock  flour.    Ice- 
transported  erratics  and  outwa^  deposits  have  been  found  up  to 
heights  of  more  than  2,000  feet  above  the  main  river.    On  the  hill 
slopes  west  of  the  camp  of  July  12,  below  Lake  Takahula,  well-rounded 
granite  and  other  far-transported  float  was  found  up  to  an  elevation 
of  1,800  feet  above  the  Alatna,  or  over  3,000  feet  above  the  sea.    On 
the  northern  divide  of  the  valley  heading  in  the  glaciers  west  of  the 
camp  of  July  16  are  several  foreign  erratics.    One  of  these  was  an 
angular  block  of  granite,  10  feet  in  shortest  dimension,  perched  on 
exposed  schist  bedrock  in  such  relations  that  it  must  have  been  brought 

id  deposited  by  a  glacier  heading  in  essentially  the  same  region  as  the 
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easting  glaciers  (Pis.  VH,  B,  p.  33>  and  XII,  A,  p.  90),  but  at  least 
nre  times  as  lai^e. 

Some  ice  from  drainage  basins  now  separated  from  the  main 
ilatna  Biirer  entered  the  valley  during  the  period  of  maximum  gla- 
aition.  As  already  noted,  Mendenhall  ^  pointed  out  that  ice  from 
^  Kobuk  discharged  into  the  Alatna.    He  states: 

iJong  Helpmejack  Creek  and  the  middle  Alatna  drainage  changes  have  taken 
;\ace  that  are  best  explained  by  glacial  action.  The  direct  topographic  continua- 
z  'Q  of  the  upper  Helpmejack  Creek  Valley  is  eastward  into  the  Alatna  by  the  pass 
vikich  leads  to  the  latter  stream  in  the  vicinity  of  Rapid  City,  but  Helpmejack  Creek 
a  present  leaves  this  broad  open  way,  turns  to  the  south  at  right  angles  to  its  logical 
?  me,  and  reaches  the  Alatna  at  Beaver  City.  Such  a  coune  was  probably  origi- 
QfeliT  a  spillway  for  glacial  waters  and  in  it  Helpmejack  Creek  became  intrenched 
viiie  the  more  northerly  outlet  was  still  occupied  by  ice.  Upper  Helpmejack  Creek 
jocupies  a  filled  valley,  but  not  a  systematically  filled  one.  The  valley  is  occupied 
by  incompetent  meandering  streams  and  numerous  small  ponds  at  varying  eleva- 
lims.  Its  ridges  and  terraces  while  of  waterwom  sands  and  gravel,  so  far  as  examined, 
B?  at  no  constant  elevation  and  bear  no  obvious  relation  to  each  other.  In  short, 
'iK  tupugraphy  and  stream  alignments  are  of  the  confused  type  which  results  from 
k:«work  and  are  in  strong  contrast  to  the  more  regular  types  which  are  due  to  normal 


Another  pass  to  the  east  of  the  main  Alatna  River,  near  Lake 
Takahula,  served  also  as  a  spillway  for  both  ice  and  water.  This 
place,  v^hich  is  known  by  the  natives  as  Akabloouk,  meaning  'May- 
light  tlirough  the  hills/'  is  a  broadly  open  saddle  at  an  elevation  of 
About  400  feet  above  the  Alatna.  It  was  formerly  occupied  by 
drainage  diverted  to  Malemute  River,  a  tributary  of  the  Alatna, 
irhen  southward  drainage  was  obstructed  by  the  Helpmejack  or 
Takahula  glaciers. 

Although  the  older  gravels  extend  to  considerable  elevations  in  the 
Alatna  Valley,  those  having  the  strongest  topographic  expression  are 
from  50  to  200  feet  above  the  river.  These  gravels  are  well  stratified 
and  -water  rounded,  being  similar  in  general  features  to  those  ia  the 
Kobuk  and  Noatak  basins.  Certaia  unusual  features  were  noted, 
however,  near  the  camp  of  July  8,  where  the  gravels  on  the  south- 
vest  side  of  the  river,  near  the  top  of  the  bench  50  to  100  feet  above 
the  river,  are  thoroughly  cemented  into  a  conglomerate  from  5  to  25 
feet  thick,  which  extends  for  a  distance  of  over  a  mile.  Large  Uocks  of 
this  conglomerate,  which  have  been  undermined  by  the  removal  of  the 
unconsolidated  gravels  beneath  it,  have  fallen  down  and  form  notable 
objects  along  this  part  of  the  river.    In  this  same  general  region 

brown,  heavily  iron  stained  high-level  gravels  are  much  more  common 

than  elsewhere. 
The  following  description  is  quoted  from  Schrader's  report*  on  the 

Pleistocene  deposits  of  the  John  River  region.    The  term  "till,'' 

t  IftBMlenliall,  W.  C,  op.  dt,  pp.  46-47. 

^Bdbntdm,  F.  C,  A reoonnaiiwance In northan  Alaska:  Prof.  Paper  U.  S. Geol.  Surrey  No.  30, 1904,  pp 
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Used  in  his  description,  is  probably  equivalent  to  the  term  "outwash 
deposit"  used  in  this  report,  and  it  is  doubtful  whether  the  word 
"  tin  "  can  be  correctly  applied  to  any  of  the  deposits. 

In  the  lower  part  of  the  intramontane  section  of  John  River,  where  the  vaUey 
occasionally  widens,  it  is  sometimes  floored  by  a  till  sheet  from  50  to  100  feet  thick, 
containing  ponds  and  lakelets,  some  of  which  seem  distinctly  to  be  of  glacial  origin. 
Till  is  prominent  also  in  the  mouths  of  some  of  the  side  valleys,  as  Till  Greek  vaUey, 
which  opens  into  that  of  John  River  on  the  east  at  about  the  sixty-eighth  paiaUel. 
Here  good  exposures  show  the  deposit  to  be  typical  till.  It  has  a  thickness  of  at 
least  100  feet  and  forms  a  broad  terrace  or  sort  of  small,  triangular  plateau  a  mile  or 
more  in  extent,  occupying  the  mouth  of  the  side  vaUey .  It  slopes  westward  to  where 
John  River  has  been  crowded  to  the  bluffs  on  that  side  of  the  valley.  On  the  east  it 
overspreads  and  conceals  the  lower  benching  and  bedrock  topography.  Till  Greek, 
a  torrential  stream,  flows  in  a  small  canyon  whose  steep  banks  are  formed  of  the 
bowlder  clay  or  ground  moraine. 

In  the  region  of  Fork  Peak,  near  the  head  of  John  River,  at  the  confluence  of  several 
of  its  tributaries,  the  valley  is  wide  and  open  and  is  floored  by  a  till  sheet  at  least  150 
feet  in  thickness.  The  surface  declines  to  the  southwest,  denoting  that  the  deposit 
has  laigely  come  from  the  northeast,  a  view  which  is  supported  by  bedrock  strisB 
farther  down  the  valley.  The  till  ascends  the  northwest  slope  of  Fork  Peak  to  an 
elevation  of  2,500  feet  and  may  continue  much  higher,  but  becomes  obscured  by 
younger  talus  and  coarse  debris  of  doubtful  character,  which,  however,  also  exhibits 
an  ill-defined  tenninal  moraine  topography.  At  the  elevation  of  about  3,500  feet 
18  a  bench  overlain  by  talus  and  drift,  which,  judging  from  topography,  was  probably 
largely  deposited  by  a  local  hanging  glacier. 

The  John  Valley  till  sheet  extends  across  the  divide  by  way  of  Anaktuvuk  Pass 
and  is  continuous  with  that  of  the  Anaktuvuk  Valley  and  the  Arctic  slope.  At  the 
pass  the  valley  is  3  miles  wide  and  open,  and  its  suijbce  is  so  flattened  with  infilled 
drift  that  the  small  streams  descending  from  the  mountains  in  this  locality  are  deflected 
by  the  merest  obstacle  to  either  side  of  the  divide,  flowing  sometimes  northward  by 
way  of  the  Anaktuvuk  to  the  Arctic  and  at  others  southward  to  John  River  and  the 
Yukon. 

At  the  pass  occur  lakelets  of  glacial  origin.  One  of  these,  Gache  Lake,  just  northeast 
of  the  divide,  is  30  feet  or  more  deep.  Its  sur^e  lies  about  100  feet  below  that  of  the 
adjacent  ground  moraine,  giving  for  the  till  sheet  here  a  thickness  of  at  least  130  feet. 
Just  south  of  the  pass  the  till  sheet  formerly  extended  entirely  across  the  valley,  as 
is  shown  by  the  flat-topped  outlying  remnants  of  ground  moraine  in  its  middle.  Iliese 
rise  to  a  height  of  more  than  100  feet  above  the  stream  and  accord  in  level  with  the 
ground-moraine  terraces  on  either  side. 

On  the  whole,  the  till  sheet  in  this  northern  part  of  the  range  seems  rarely  to  extend 
up  the  side  slopes  to  more  than  500  or  600  feet  above  the  floor  of  the  valley    *    *    •. 

Naturally,  the  side  valleys  in  this  region  were  among  the  last  to  become  free  from 
glaciers,  some  of  which  probably  remained  long  after  the  disappearance  of  the  ice 
from  the  adjacent  parts  of  main  vallejrs.  This  is  shown  by  the  presence  of  relatively 
fresh  terminal  moraines  in  the  side  valleys.  Four  miles  northwest  of  the  middle  of 
John  River  valley  the  small  vaUey  of  Contact  Greek  is  crossed  by  such  a  mondne. 
It  is  typical,  being  about  60  feet  high  and  one-fourth  of  a  mile  in  length,  measured 
parallel  with  the  valley.  A  similar  but  older  feature  occurs  in  John  River  valley 
near  the  middle  of  the  range,  about  12  miles  in  a  direct  line  south  of  the  sixty-eighth 
parallel.  Here  the  valley  flat  is  crossed  by  a  terminal  moraine  about  60  feet  high. 
*  *  *  It  still  forms  a  continuous  ridge  or  dam  across  the  valley,  except  where 
the  river  has  cut  a  notchlike  passage  200  yards  wide  at  the  left.  At  the  right  the 
moraine  seems  to  be  continuous  with  the  tUl  sheet,  which  is  10  to  20  feet  thick,  and 


QVATSRKABT  fOTSTBH.  101 

M(B  on  the  bedrock  benching  At  a  height  ofaboiti  100  feet  above  the  river.  Ab  seen 
£  looking  puallel  with  the  valley  the  ridge  pnfisa\fa  fui  undulating  profile  and  is 
iup  crested,  owing  to  its  upetroam  ride  being  cut'a«M^  }yy  the  river.  Plough  it 
'MJiB  bat  little  of  the  typical  hunimock-«nd-ket(l'e.'k^p<?giaphy  of  a  terminal 
aaaine,  it  is  composed  midnly  of  typical  bowlder  clay  ctsnyVB^  striated  pebbles 
ad  boirlders,  some  a  foot  or  more  in  diameter.  The  materials  noted  Are  of  the  same 
T^gaUUitm  as  those  of  the  river  gravels,  there  being  no  erra£i^<^-°Th^  principal 
^sba  or  front  of  the  mondne,  which  slopes  southward,  supports  a  grow|h  o(,spruce, 
lee  of  the  trees  having  a  basal  thickness  of  1}  feet.  /.* 

A  few  miles  above  this  momine  occurs  the  last  lingering  remnant  of  the  Jobft.VslIby 
tjJKier.  It  conaistB  of  a  lone,  roug^y  circular  mass  of  ice  about  300  feet  in  dialhtftec,- 
m% from  the  middle  of  the  gravel-covered  valley  flats  to  a  height  of  60  feet.  *  •  «•' 
At  the  top  the  ice  terminates  in  several  distinct  knoblike  prominences  projecting  10 
'^20  feet  above  the  main  mass.  One  of  these  is  cylindrical  or  pipe  shaped.  The 
^^toare  crudely  p3rmmidal.  The  ice  is  partially  capped  and  flanked  by  a  deposit 
ifmuune  tiU  from  one  to  seveml  feet  thick,  to  whose  protection  it  doubtless  in  laige 
sasire  owes  its  preservation.  From  three  sides  small  streamlets  of  light-colored 
saddy  vater,  arising  from  the  melting  of  the  ice  and  thickened  with  glacial  rock 
kr  from  the  till,  flow  down  and  deposit  their  load  of  fine,  aigiUaceous  sediment 
mt  the  flats  around  the  foot  of  the  mass.  This  glacial  mud  is  of  very  li^t  color. 
It  i  rticky  and  differs  decidedly  from  the  present  stream  deposits  of  the  valley. 
"^  ice  mass  is  undoubtedly  a  romnant  of  the  John  Valley  Glacier.  Its  presence  at 
diklate  date,  alter  apjMuently  all  the  other  glacial  ice  has  disappeared  from  the  sur- 
^f^ading  region,  together  witii  the  rounded  topography  of  the  adjacent  mountains, 
i^y  noted,  suggests  that  this  locality  is  probably  near  what  was  the  belt  of  maxi- 
^"Bn  precipitation,  and  consequently  of  maximum  ice  accumulation,  that  tmversed 
^  mountains  during  glacial  time,  and  is  therefore  among  the  last  to  become  free 
ice. 


OtW  areas. — ^The  only  other  known  extensive  deposits  of  the  older 
?&Tela  are  in  Seward  Peninsula  and  in  the  vicinity  of  Selawik  Lake. 
^e  deposits  of  Seward  Peninsula  have  been  adequately  described  in 
*veral  Survey  reports  and  require  no  comment  here  further  than 
^e  statement  that  glacial  deposits  have  not  been  observed  in  the 
portion  of  the  area  represented  on  Plate  II.  The  deposits  are  of 
^u^tile,  marine,  or  extraglacial  origin,  or  were  formed  by  combinat- 
ion of  processes. 

'Hie  region  in  the  vicinity  of  Eschscholtz  Bay  and  Selawik  Lake  is 
^ot  well  known  and  the  literature  concerning  it  is  less  available,  so  it 
^He  described  here  somewhat  fully.  Tte  following  quotations  give 
^0  principal  results  of  observations  made  by  Quackenbush  ^  on  the 
^Wer  deposits.    Along  Eschscholtz  Bay— 

^  blo^  jace  the  water  all  around  except  at  the  wide  Ahweengnuk  delta  and  for  a 
^n»ileB  to  the  westward  of  the  mouth  of  Buckland  River.  •  ♦  *  The  bluff 
^  Qot  end,  however,  at  Elephant  Point,  but  bends  to  the  south  and  continues 
l^d  &e  western  and  part  of  the  southern  shores  of  Goose  Bay.  *  *  *  At  the 
^  of  Elephant  Point  the  bluff  is  15  feet,  rising  less  than  a  mile  to  the  west  to  the 
.  ^«  of  120  feet  and  gradually  descending  to  a  height  of  20  feet  at  the  opposite  end 
•   The  bluffs  on  Goose  Bay  have  apparently  been  entirely  neglected  by 

J|^ox^l)Q8h,  L.  B.,  Notes  <m  Alaska  Mammoth  EzpedltUm  of  1907  and  1606:  BulL  Am.  Mus.  Nat 
^^'^O^-aBilW,  pp.  87-130. 
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wiitera,  although  they  are  contmuouvs  With  the  hiBtoric  bluff  and  contain  most  of  the 
epecies  of  foesil  TnammalH  found  at  this  latter  place.  From  the  base  of  Elephant  Point 
the  bluff  rises  southward  to*^Jb  maximum  height  of  75  feet  and  descending  again  forms 
a  bank  25  feet  high  aJ^.the'Sfst  bend  of  Lost  River    •    *    *  . 

A  bluff  stretcher.without  a  break  from  Choris  Peninsula  eastward  along  the  north 
shore  of  Eechscfaolt^'Bay  and  is  continued  up  the  Ahweengnuk  Valley  in  the  form  of  a 
tenace.  $*or  a- distance  of  7  miles  the  bluff  is  being  cut  by  waves  and  its  structure 
beginning  ai  the  rocky  hill  on  the  base  of  Choris  Peninsula  is  as  follows:  First,  yellow- 
ish^ sAnd^  silt  without  trace  of  stratification,  half  a  mile  long,  50  feet  hig^,  tapering 
de:»^  te'18  feet;  second,  flat  terrace,  18  feet  high -and  !{  miles  long,  composed  of  fine 
"--^lurk'bluish-gray  silt,  containing  a  few  small  irregular  layers  of  peat;  this  terrace 
-'.  .\  '.extends  across  the  base  of  Choris  Peninsula  and  several  miles  north  along  the  shore  of 
I  *  Kotzebue  Sound;  third,  fine  light-colored  sand  and  silt,  stratified,  three-quarters  of  a 
mile  long,  35  feet  to  70  feet  high;  fourth,  fine  grayish  silt  (like  that  at  Elephant  Point) 
4  miles  long,  30  to  40  feet  high ;  fifth,  a  section  150  feet  long  exposing  several  alternating 
strata  of  sand,  coarse  gravel,  sand,  and  fine  gravel,  overlain  with  a  thick  deposit  of  fine 
light-colored  silt;  the  coarse  gravel  stratum  and  some  of  the  others  are  sharply  croes 
bedded.  From  this  point  east  the  beach  is  broad  and  high  and  the  bluff  is  almost 
entirely  overgrown  with  grasses,  moss,  and  low  willow  buehes.  The  few  bare  slopes 
near  the  top  and  the  material  brought  to  the  mouths  of  nimierous  spermophile  burrows 
indicate  that  this  part  of  the  bluff,  averaging  about  35  feet  high,  is  formed  of  a  deposit 
of  sand  containing  many  small  round  pebbles  and  overlain  with  from  5  to  11  feet  of 
yellowish  silt.  No  fossils  were  found  east  of  the  cut  sections.  The  terraced  section 
of  the  bluff  near  Choris  Peninsula  is  vertical  and  there  is  a  soft  clay  flat  in  front  of  it. 
The  remainder  of  the  steep-cut  portions  is  bordered  by  a  low  sandy  beach.  Some 
trifling  patches  of  ice,  which  had  been  formed  in  fissures  near  the  surface,  were  exposed 
in  the  fourth  section. 

Fossils  were  collected  on  the  flats  and  beaches  at  the  bases  of  all  five  sections  of  the 
cut  bluff  and  two  specimens  were  found  on  the  talus  in  the  third  section.  A  mass  of 
sticks  cut  by  the  teeth  of  beavers  was  seen  embedded  near  the  top  of  the  bluff  at 
the  western  end  of  the  second  section    *    *    *, 

High  bluffs  extend  all  around  the  outer  curve  and  along  the  southern  side  of  Selawik 
Lake.  The  bluff  is  cut  in  a  few  places  on  Selawik  Lake  for  a  distance  of  15  miles  horn. 
the  outlet,  but  it  appeared  to  be  entirely  overgrown  with  vegetation  to  the  east  and 
was  not  examined  further.  The  deposit  is  mostly  unstratified  sand  containing  consid- 
erable gravel;  in  some  parts  silt  lies  on  the  top,  in  others  the  bluff  is  composed  entirely 
of  silt.  A  few  small  fragments  of  maromoth  tusks  and  caribou  bones  were  found  on 
the  gravelly  beach,  but  no  fossils  were  seen  on  the  bluffs. 

On  the  south  side  of  Hotham  Inlet  there  are  some  cut  bluffs  100  feet  in  height  com- 
posed of  silts,  but  containing  near  the  top  an  ill-defined  stratum  of  water-worn  gravel 
and  bowlders  up  to  6  feet  in  diameter,  which  are  embedded  in  the  fine  sediment  and 
must  have  been  deposited  by  floating  ice.  The  gravel  consists  of  quartz,  conglom- 
erates, gneissoid  rocks,  and  shows  no  signs  of  glaciation;  one  rounded  lump  of  black 
bituminous  coal  was  collected  in  the  talus.  In  the  southwestern  angle  of  the  inlet  a 
vertical  section  shows  that  this  portion  of  the  bluff  is  sharply  divided  into  very  thin 
horizontal  strata  from  top  to  bottom.  A  steep  continuous  bluff  of  yellowish  silt  ex- 
tends along  the  west  side  of  Hotham  Inlet  for  at  least  15  miles  to  the  north;  it  varies 
from  50  to  100  feet  in  height  and  occasionally  shows  some  signs  of  stratification.  Sev- 
eral pieces  of  mammoth  tusks  and  some  small  unrecognizable  fragments  of  bone  were 
found  on  the  gravel  beaches  or  in  the  water  along  Hotham  Inlet,  but  only  one  speci- 
men— the  metatarsal  of  a  horse — can  be  definitely  stated  to  have  come  from  these 
barren  deposits;  it  was  foimd  on  the  talus  on  the  west  side  of  the  inlet  about  on  the 
latitude  of  the  Arctic  Circle. 


Q0ATBRNABY  8Y8TBM.  108 


AQX  AND  INTERRELATIONS. 


The  earliest  known  data  on  the  age  of  certain  of  these  deposits 
were  furnished  by  Kotzebue,^  who  found  fossils  at  Elephant  Point. 
These  fossils  were  examined  and  described  by  Eschscholtz,  who 
r^arded  them  as  Pleistocene.  Subsequently  this  place  was  visited 
and  described  by  many  others,  notably  by  Beachey  in  1826,  Dall 
in  1885,  Maddren  in  1904,  and  Quackenbush  in  1907.  None  of  these 
writers  appear  to  question  the  Pleistocene  age  of  the  beds. 

Certain  clays  and  ice  beds  on  the  Kobuk,  reported  by  Cantwell, 
were  correlated  by  Dall '  with  the  deposits  at  Elephant  Point  and 
were  named  by  him  the  Kowak  clays  and  assigned  to  the  Pliocene 
or  Pleistocene(?).  Dall  states  that  these  deposits  do  not  extend  to 
Noatak  River,  but  the  descriptions  of  that  stream  given  in  this  report 
(see  pp.  91-92)  show  that  they  do. 

Gradually,  as  more  of  the  region  was  explored  and  data  were  ao- 
cumulated,  fossil  mammoth  and  other  remains  were  found  at  many 
places.  From  the  foregoing  description  of  the  older  deposits  it  is 
evident  that  most  of  them  were  formed  during  or  after  the  period 
of  maximum  glaciation,  but  it  is  not  yet  possible  to  determine  their 
age  more  specifically,  for  the  time  relation  of  maximum  glaciation 
in  this  part  of  Alaska  to  that  in  the  United  States  is  not  certain. 
It  18  probably  true  that  in  a  broad  way  the  period  of  greatest  glacia- 
tion was  synchronous  in  the  two  regions,  but  that  it  was  precisely 
coincident,  even  in  a  geologic  sense,  is  by  no  means  demonstrated. 
In  addition  to  the  deposits  formed  while  the  ice  was  at  its  greatest 
extent  there  are  others  that  were  formed  subsequently,  and  certain 
of  these  later  deposits  are  so  new  that  they  imdoubtedly  belong  to 
the  Becent  epoch.  The  older  gravels  therefore  include  deposits 
ranging  in  age  from  Pleistocene  to  Recent. 

It  is  not  unreasonable  to  suppose  that  certain  earlier  beds  may 
subsequently  be  recognized  in  the  areas  now  mapped  as  formed  of 
the  imconsolidated  deposits.  For  instance,  the  coastal  plain  de- 
posits near  Nome,  which  are  in  many  ways  analogous  to  the  high- 
level  gravels  skirting  Kotzebue  Soimd,  contain  fossils  which  Dall' 
has  identified  as  pre-Pleistocene,  and  it  would  therefore  not  be  at 
all  surprising  if  further  investigation  should  disclose  late  Tertiary 
sediments  in  this  region.  That  the  extent  of  such  sediments  is 
probably  slight,  however,  seems  certain,  and  the  bidk  of  the  deposits 
here  described  are  believed  to  be  of  Pleistocene  to  Recent  age. 

1  Kbtsebae,  Lteat.  Otto  von,  Voyage  of  discovery  Into  the  South  Sea  and  Bering  Straits,  London, 
1£21, 8  mob. 

>  Dall,  W.  H«,  and  Harris,  O.  D.,  Conelation  papen— Neocene:  Boll.  U.  S.  GeoL  Surrey  No.  84,  1882» 
PP.2SS-268. 

*  Dan,  W.  H.,  Climatic  conditions  at  Nome,  Alaska,  during  the  PUooene:  Am.  Jour.  8ci.,  4th  ser., 
roL  23, 1907,  pp.  457-458. 
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XABINB  OBAYSLS. 


The  recent  marine  gravels  occur  along  the  coast  and  are  con- 
fined practically  to  deposits  in  process  of  formation.  They  vary 
greatly  in  lithology  and  physical  features  from  place  to  place.  In 
deposits  near  rocky  headlands  large  bowlders,  formed  of  the  rocks 
in  the  neighborhood,  predominate.  In  deposits  farther  away  the 
material  is  finer  grained;  the  softer  minerals  having  been  removed, 
the  more  resistant  materials  remain.  Here  and  there  muds  and 
silts  have  been  deposited  and  sands  and  gravels  are  absent.  Some 
deposits  near  the  mouths  of  streams  consist  of  mixtures  of  fluviatile 
and  marine  sediments.  Practically  all  the  recent  marine  deposits 
are  not  permanently  frozen.  The  deposits,  so  far  as  known,  are 
not  consolidated  but  consist  of  uncemented  silt,  sand,  gravel,  or 
bowlders. 

No  sections  of  typical  marine  gravels  along  this  part  of  the  Arctic 
coast  have  been  examined,  so  that  little  is  known  of  their  features 
other  than  those  seen  on  the  surface.  Furthermore,  as  has  been 
already  pointed  out,  only  the  recent  marine  gravels  are  included 
in  the  section,  the  deep  marine  deposits  or  those  occurring  at  a  con- 
siderable elevation  above  sea  level  having  been  omitted.  Conse- 
quently the  recent  marine  gravels  may  be  considered  as  forming  a 
narrow  fringe  along  the  coast  and  having  rather  slight  thickness. 

• 

8TREAH  DBPOSrrS. 

The  stream  deposits  are  of  greatly  diverse  types,  their  character 
depending  on  the  history  and  relations  of  the  streams  by  which  they 
were  formed.  Some  of  the  smaller  streams  have  eroded  their 
valleys  and  laid  down  deposits  under  the  same  local  conditions 
that  now  prevail  in  their  drainage  basins.  The  deposits  in  such  a 
valley  are  formed  of  the  rocks  outcropping  in  the  basin,  and  their 
features  are  characteristic  of  deposits  formed  by  ordinary  single- 
cycle  streams.  A  stream  of  this  type,  however,  is  rather  the  exce{>- 
tion  than  the  rule,  for  most  of  the  streams  have  had  a  more  com- 
plex history.  The  valleys  of  some  of  these  streams  of  more  complex 
history  show  an  interruption  in  the  orderly  succession  of  events, 
whereby  decrease  in  gradient  has  caused  the  building  up  of  the  valley 
floor.  In  other  places  increased  slope  has  renewed  degradation.  In 
still  other  places  several  activities  have  combined,  and  the  present 
stream  is  eroding  former  stream-deposited  gravels.  In  such  places 
the  gravels,  instead  of  being  formed  of  rocks  of  local  origin,  may 
have  come  from  outside  the  present  drainage  basin  of  the  stream, 
and  instead  of  having  the  features  of  ordinary  river  gravels  may, 
through  this  double  concentration,  have  become  more  rounded  and 
*itter  sorted. 
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Not  only  may  the  present  streams  be  rehandling  former  stream 
gravels,  but  they  may  also  be  traversing  unconsolidated  deposits 
formed  by  other  agencies.  For  instance,  the  greater  part  of  the 
floor  of  the  present  Kobuk  and  Noatak  rivers  is  carved  in  deposits 
of  glacial  and  glaciofluviatile  origin,  already  described  (see  pp. 
90-97) ,  and  as  a  consequence  the  present  stream  deposits  resemble 
in  large  part  the  older  deposits.  This  is  particularly  notable  on 
the  Noatak,  where  large  bowlders  washed  out  of  the  earlier  deposits 
form  numerous  rapids  in  the  stream,  line  the  banks  at  low  water, 
and  are  being  built  into  deposits  that  are  distinctly  abnormal  for  a 
sdngle-cycle  stream. 

At  several  places  mountain  glaciers  give  rise  to  streams  that  are 
fonning  deposits  characterized  by  features  due  to  their  double 
mode  of  origin,  consisting  of  normal  stream  deposits  mixed  here  and 
there  with  large,  irregular  ice-transported  blocks.  The  fine  material 
in  sucb  deposits  also  differs  from  that  of  the  usual  stream  deposits 
in  that  it  is  mainly  a  product  of  glacial  erosion  rather  than  of  normal 
weathering. 

In  many  places  the  stream  gravels  so  merge  with  the  deposits  of 
marine  origin  that  it  is  impossible  to  separate  the  two.  This  is 
especially  true  in  the  delta  of  the  Kobuk  and  at  the  mouths  of  other 
streams.  This  interrelation  is  further  compUcated  by  the  fact  that 
at  several  places  ancient  bench  deposits,  such  as  occur  near  the  mouth 
of  the  Noatak,  are  being  subjected  to  the  action  of  marine  and 
fluviatile  agencies,  so  that  the  resulting  deposits  show  the  results  of 
three  processes. 

Examples  to  show  the  great  diversity  of  the  stream  gravels  in  the 
region  might  be  multipUed,  but  the  foregoing  indicate  some  of  the 
more  common  types.    All  these  deposits  show  certain  more  or  less 
universal  features.    All  the  material  is  unconsoUdated  and  has  been 
subjected  to  more  or  less  sorting  prior  to  deposition.    Practically 
all  the  shallow  recent  stream  gravels  are  not  permanently  frozen,  a 
fact  that  is  of  considerable  economic  importance,  for  the  physical 
condition  of  the  gravels  with  respect  to  cementation  by  permanent 
frost  exercises  a  considerable  control  on  the  development  of  mining. 
The  data  concerning  the  presence  or  absence  of  permanent  frost  are 
not  sufficiently  complete  to  permit  a  final  statement  as  to  the  dis- 
tribution of  frozen  and  unfrozen  deposits,  for  artificial  sections  are 
almost  entirely  absent  and  in  natural  sections  the  surface  exposed  to 
the  heat  and  air  is  thawed,  even  in  deposits  that  are  permanently 
frozen. 

GLACIAL  DBFOSm. 

Recent  glacial  deposits  occur  only  in  the  vicinity  of  the  existing 
glaciers  and  are  therefore  limited  to  the  mountain  regions.  They 
have  been  seen  only  at  the  headwaters  of  Alatna  and  Noatak  rivers, 
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though;  as  has  aheady  been  pomted  out,  small  glaciers  probably 
occur  at  the  headwaters  of  some  of  the  tributaries  of  the  Kobuk  and 
of  the  branches  of  the  Noatak  west  of  the  headwater  moimtaiiis. 

All  of  the  recent  glacial  deposits  are  relatively  small  in  extent 
and  in  volume,  so  that  they  have  not  been  distinguished  on  the 
geologic  map  (PI.  II).  Those  that  occupy  areas  sufficiently  great 
have  been  included  with  the  other  recent  deposits,  but  most  of  them 
are  too  small  to  be  shown  on  the  map  or  to  be  differentiated  from 
the  more  ancient  glacial  and  glaciofluviatile  deposits. 

Plate  VII,  B  (p.  33),  already  described,  is  a  view  of  one  of  the 
glaciers  in  the  Alatna  River  basin  and  illustrates  certain  of  the 
glacial  deposits.  The  form  of  these  deposits  may  be  best  seen  at 
the  margin  of  the  lobe  to  the  left,  but  the  character  of  the  material 
is  most  evident  in  the  lower  right  foreground.  A  picture  that  shows 
better  the  character  of  the  material  being  deposited  by  this  glacier 
is  afforded  by  Plate  XII,  A,  which  is  a  view  taken  from  below  the 
end  of  the  glacier.  In  this  view  the  steep  talus-covered  slope  in 
the  center  is  the  front  of  a  glacier  bearing  on  its  surface  unsorted 
blocks  of  various  shapes  and  sizes.  The  rather  abrupt  change  in 
slope  of  the  surface  of  the  glacier  occurs  at  an  elevation  of  fully  800 
feet  above  the  observer,  and  the  large  block  of  granite  a  third  of  the 
distance  down  from  this  point  to  the  end  of  the  glacier  is  at  least  50 
feet  in  diameter. 

Beyond  the  front  of  a  glacier  there  is,  as  has  already  been  noted,  a 
combination  of  glacial  and  fluviatile  action,  which  sq  mingles  two 
types  of  deposit  that  no  sharp  line  of  separation  can  be  drawn  between 
them,  producing  a  condition  that  is  well  illustrated  by  the  fore- 
ground in  Plate  XII,  A.  This  part  of  the  view  shows  large,  irregular 
blocks  which  were  originally  deposited  mainly  by  ice,  but  which 
have  been  subjected  to  stream  erosion  and  transportation  and  have 
lost  part  of  their  glacial  aspect,  yet  have  not  completely  gained  stream- 
deposited  features. 

IGNEOtTS  BOCOCS. 

The  igneous  rocks  of  the  Noatak-Kobuk  region  may  be  divided 
into  many  different  groups,  the  liaes  of  division  depending  upon  the 
particular  features  on  which  emphasis  is  placed.  The  most  important 
criterion  here  used  in  their  classification  is  their  age,  which  is  also 
expressed  by  their  lithology,  for  in  this  region  the  rocks  belonging  to 
a  single  period  of  igneous  activity  are  of  fairly  uniform  character. 
The  various  rocks,  therefore,  although  in  part  given  lithologic  names, 
have  been  grouped  according  to  their  age  into  four  main  divisions — 
the  greenstones,  the  early  basic  intrusives  and  effusives,  the  granitic 
rocks,  and  the  late  lavas  or  basaltic  effusives.  They  are  here  named 
in  the  order  of  their  age,  beginning  with  the  oldest,  and  will  be 
described  in  that  order. 
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GBEENSTONES. 

BUTBZBUTIOV  avd  qx>xbal  ohabaotzristzos. 

GreenstoneB  have  been  observed  wherever  the  old  undifferentiated 
schistB  form  the  main  comitry  rock.  Thus  they  have  been  reported 
in  the  Totsen  group  on  John  River,  in  the  central  part  of  Alatna 
River,  in  the  Kobuk  basin,  and  at  several  places  in  Seward  Peninsula. 
In  none  of  these  localities,  however,  do  these  rocks  present  extensive 
exposures;  they  occur  rather  as  narrow  dikes  and  sills,  generally  par- 
allel with  the  cleavage  of  the  other  rocks.  Usually  they  are  much 
sheared  and  their  original  structures  and  even  their  original  mineral 
composition  are  changed. 

Schrader  ^  includes  the  greenstones  of  the  John  River  basin  with  the 
Totsen  group  but  states: 

The  series  is  believed  to  be  essentially  of  sedimentary  origin,  but  the  sedimentation 
seenu  to  have  been  accompanied  by  basaltic  flows,  which  were  later  sheared  with  the 
«dimentary  beds,  giving  rise  to  amphibolite  schist,  of  which  the  most  prominent  strip, 
h\\Dg  an  apparent  width  of  several  miles,  occurs  near  the  southern  part  of  the  belt 
occupied  by  the  series.  Here  the  rock,  judging  from  the  bent  and  crushed  remnants 
^f  feldspar  and  augite  shown  under  the  microscope,  is  plainly  of  igneous  origin. 

In  the  Alatna  River  basin  greenstones  were  seen  both  by  the  expe- 
dition of  1911,  and  by  Mendenhall  in  the  vicinity  of  the  Helpmejack 
Creek.  Mendenhall'  states  that  the  country  rock  in  this  vicinity  is 
"cut  by  intrusive  greenstone  masses,  which  are  themselves  much 
&It«red  and  have  been  rendered  schistose.  Sufficient  of  their  original 
structure,  however,  remains  to  determine  them  as  diabases.'' 

Further  information  obtained  by  the  expedition  of  1911  shows  that 
similar  rocks  cut  the  limestones  near  Cache  Creek  between  the  camps 
of  July  1 1  and  12.  The  contact  between  the  two  rocks  was  not  actually 
seen,  but  inclusions  of  limestone  in  the  greenstone  and  the  presence 
in  the  limestone  of  contact-metamorphic  minerals,  such  as  tremolite, 
clearly  confirm  the  conclusion  reached  by  Mendenhall.  Under  the 
microscope  the  rock  appears  almost  entirely  reciTstallized.  Albite 
is  the  most  abundant  mineral.  It  occurs  as.secondary  crystals  with 
inclusions  of  magnetite,  epidote,  and  chlorite.  Chlorite  derived  from 
the  metamorphism  of  earlier  iron-rich  minerals,  such  as  biotite  or 
uiiphibole,  is  also  abundant  and  is  chiefly  the  mineral  that  gives  the 
I'ock  its  greenish  color.  Me^etite  in  well-formed  octahedra  is  recog- 
nizable, even  in  the  hand  specimen.  Quartz,  calcite,  pyrite  largely 
^tered  to  limonite,  epidote,  and  apatite  form  a  smaller  part  of  the 
tock.  The  rock  shows  a  marked  schistose  structure  and  there  is  no 
question  but  that  it  is  a  metamorphosed  igneous  rock. 

1  Scbnder,  F.  C,  A  reoonnftiiwance  !n  northern  AltBln:  Prof.  Paper  U.  S.  GeoU  Bnrvey  No.  20, 1904, 
p.  59. 

'VttdenhftU,  W.C.pReooniudMaiioe  from  Fort  Hamlin  to  Kottebue  Bound,  Alaaka:  Prof.  Paper  U.  8. 
<^  Survey  No.  10, 1902,  p.  34. 
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Farther  up  Alatna  River,  west  of  the  camp  of  July  12,  in  the  lime- 
stone near  tiie  top  of  the  3,200-foot  hill,  are  sheared  sills  or  dikes  of 
greenstone  schist  having  many  of  the  features  noted  in  the  preceding 
locality.  Specimens  from  this  place,  however,  show  in  addition  to 
the  recrystallized  alhite  a  considerable  amount  of  hornblende,  which 
was  not  recognized  iu  the  other  rock,  though  originally  it  may  have 
been  present  and  have  been  subsequently  altered  to  chlorite.  Small 
amounts  of  magnetite  also  occur  in  the  rock,  but  other  minerals  are 
practicaUy  absent. 

Igneous  rocks  that  have  been  subjected  to  pronounced  deforma- 
tion and  attendant  metamorphism  have  been  recognized  in  the  Kobuk 
region  in  the  vicinity  of  Shungnak  and  at  Squirrel  River.  In  Uie 
Shungnak  region  greenish  igneous  schists  were  recognized  id  the  hill 
east  of  the  Kogoluktuk  and  at  several  places  in  the  ridge  between 
Wesley  and  Cosmos  creeks  a  mile  or  so  south  of  Iron  Mountain.  At 
the  latter  place  the  igneous  schist  appears  to  cut  the  underlying 
slates  and  forms  a  sill  between  that  rock  and  the  overlying  limestone. 
So  far  as  observed  it  does  not  cut  the  limestone  nor  does  that  rock 
show  any  contact  effects.  Metamorphism  of  the  rocks  as  a  whole, 
however,  has  proceeded  to  such  lengths  that  the  absence  of  contact 
metamorphism  is  not  conclusive.  These  older  igneous  rocks  have 
schistose  structure,  are  greenish  in  color,  and  consist  mainly  of  green- 
ish chlorite  and  plagioclase  feldspar,  the  latter  as  a  rule  completely 
recrystallized. 

In  the  same  general  region  are  serpentine  rocks,  often  mistaken  for 
jade,  that  appear  to  be  analogous  to  the  greenstones.  One  exposure 
of  these  rocks  in  place  was  examined  at  the  head  of  Dahl  Creek. 
Specimens  of  this  greenish  compact  fine-grained  dike  rock  were  found 
to  consist  of  magnetite  and  pyrite  inclusions  in  a  microcrystalline 
groundmass  of  serpentine.  The  rock  is  but  little  sheared,  and  for 
this  reason  considerable  doubt  is  felt  in  assigning  it  to  the  greenstone 
group.  Prom  reports  of  prospectors  and  others  this  type  is  presum- 
ably much  more  extensive  in  the  Jade  Hills,  west  of  Ambler  River, 
than  it  is  in  the  vicinity  of  Shungnak,  but  that  locality  has  not  been 
critically  examined  and  little  is  known  of  the  distribution  and  extent 
of  this  type  at  that  place.  The  greenstones  in  the  Squirrel  River 
region  are  essentially  similar  to  the  more  common  type  previously 
described.  All  of  them  are  considerably  sheared  and  have  a  dis- 
tinctly schistose  structure.  Albite  and  chlorite  are  the  most  abun- 
dant miaeral  constituents  and  both  are  later  than  the  original  miner- 
als of  the  rock. 

The  greenstones  of  northeastern  Seward  Peninsula  have  not  been 
studied  in  detail.    Moffit  states  that — 

dikes  and  sUIb  of  greenstoiie,  such  as  are  seen  in  the  western  part  of  the  peniiisula 
northwest  of  Nome,  were  not  observed  in  the  region.    If  such  are  present  in  the  area 
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immediately  sofiith  of  Kotsebne  Sound  ihey  are  probably  so  greatly  altered  that  many 
of  their  osiginal  peculiaritiee  have  been  loet  and  they  are  not  now  readily  diatingniah- 
able  ham  the  including  achistoee  sedimentary  rocks.  Altered  greenstones  are  present, 
but  BD  far  aa  obeoved  by  the  writer  they  do  not  have  the  form  of  sills  or  dikes  and 
appear  rather  aa  great  irregular  masses  or  stocks.' 

▲OX. 

The  criteria  for  the  determination  of  the  age  of  the  greenstones  as 
a  whole  are  not  such  as  to  permit  a  precise  and  definite  assignment. 
It  has  been  proved  that  these  rocks  cut  the  undifferentiated  meta- 
morphic  schists  and  certain  of  the  undifferentiated  Paleozoic  lime- 
stones and  have  been  subjected  to  strong  dynamic  metamorphism. 
None  of  these  events,  however,  can  be  assigned  a  definite  age.    The 
undiflferentiated  schists  (see  pp.  60-61)  were  probably  early  Paleo- 
zoic  or  possibly  pre-Paleozoic.    The  limestones  that  are  intruded 
are  apparently  the  same  as  those  on  John  River,  which,  as  stated  on 
page    65,  are   probably  not  older  than  Silurian  nor  yoimger  than 
lower    Carboniferous;    near    Shungnak,   however,    the    greenstones 
apparently  do  not  cut  the  undifferentiated  Paleozoic  limestones. 
The  major  period  of  metamorphism  does  npt  seem  to  have  affected 
the  known  Carboniferous  rocks  and  in  Seward  Peninsula  appears  to 
have  been  earlier  than  the  Ordovician. 

There  are  many  conflicting  lines  of  evidence,  therefore,  which  lead 
to  diverse  conclusions.  From  general  considerations  and  from  analogy 
with  near-by  better  known  areas  it  seems  probable  that  the  green- 
stones and  associated  rocks  are  of  Paleozoic  age  and  are  probably 
older  than  the  Carboniferous.  How  much  older  is  not  known  and 
can  not  even  be  postulated  until  further  detailed  work  is  done  and 
more  of  the  unknown  area  is  explored. 

EARLY  EFFUSIVES  AND  INTRUSnrES. 
.DZ8TBZBIXTZ0V  AlTD  OXHSKAL  0HABA0TXBI8TZ08. 

There  are  three  principal  areas  of  the  rocks  here  called  the  early 
effusives  and  intnisives — the  extreme  eastern  part  of  Seward  Penin- 
sula, the  vicinity  of  the  canyon  of  the  Noatak,  and  the  Zane  Hills  in 
the  Koyukuk  basin.  The  first  two  areas,  so  far  as  known,  have  been 
indicated  on  the  map,  but  the  basic  rocks  of  the  Zane  Hills  have  not 
been  distinguished  on  the  map  from  the  sedimentary  rocks  of  sup- 
posed Lower  Cretaceous  age  called  the  Koyukuk  group. 

The  group  of  rocks  in  Seward  Peninsula  has  been  described  by 
Moffit  ^  as  follows: 


Andesites  are  abundant  in  the  Kiwalik-Bnckland  divide  and  are  probably  the 
surface  representatives  of  an  igneous  magma  cotresponding  in  composition  to  the  deep- 
seated  diorites  and  monzonites.    As  already  stated,  they  occupy,  where  observed  by 

1  liofflt,  F.  H.,  Tba  FslrliftTai  gold  plaoen:  BnU.  U.  S.  QeoL  Surrey  No.  347, 1906,  p.  27. 

*  Idem,  pp.  ao-ai. 
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the  writer,  a  poeition  intennediate  between  the  basic  rocks  of  the  western  side  of  tlie 
ridge  and  the  central  acid  ones  and  form  a  laige  part  of  the  watershed.  They  are  of  a 
dark-gray  or  greenish  color  and  on  an  exposed  surface  have  a  spotted  appearance  due 
to  the  alteration  of  the  feldspar  phenocrysts.  Both  hornblende  and  pyroxene  varie- 
ties were  seen,  the  latter  containing  considerable  olivine  in  addition  to  pyroxene  and 
showing  the  secondary  mineral  iddingsite.  Alteration  of  pyroxene  to  hornblende 
was  also  observed.  The  feldspar  is  a  basic  variety,  labradorite  or  sometimes  anor- 
thite,  giving  as  alteration  products  chlorite  and  epidote. 
Andesite  breccias  were  found  at  various  localities. 

In  the  vicinity  of  the  Noatak  Canyon  rocks  m  a  measure  similar  to 
the  andesitic  rocks  of  Seward  Peninsula  were  examined.  In  general, 
however,  the  rocks  at  the  canyon  differ  from  the  andesites  in  that 
they  are  mainly  of  intrusive  character,  effusive  phases  being  prac- 
tically absent.  Topographically  these  igneous  rocks  near  the  canyon 
form  numerous  sharp  pumacles  of  irregular  distribution.  In  the 
main  they  are  stocklike  masses  with  dikes  and  sills  here  and  there 
radiating  out  from  the  peripheiy.  Some  amygdaloidal  phases  were 
seen  and  though  not  parts  of  surface  flows  these  were  in  the  upper 
part  of  dikes  near  the  surface.  The  filling  of  the  amygdaloids  was 
mainly  calcite. 

The  rocks  are  medium  fine  grained  and  weather  to  a  rusty  brown 
color  on  exposed  surfaces.  In  hand  specimens  the  only  minerals 
easily  recognized  are  feldspar  and  pyroxene.  Under  the  microscope 
the  feldspar  is  seen  to  be  mainly  labradorite  of  an  acidic  phase.  The 
dark  minerals  are  mainly  augite  with  subordinate  amounts  of  biotite, 
commonly  altered  to  chlorite,  and  some  magnetite.  Sulphides  are 
also  sparingly  present.  The  structure  is  hypidiomorphic  granular. 
From  the  above  characters  it  follows  that  the  rock  is  a  fine-grained 
gabbro. 

A  view  of  a  faulted  dike  in  the  Noatak  Canyon  is  shown  in  Plate 
XI,  B.  The  gabbro  forms  the  right-hand  portion  of  this  view  and 
the  dark  band  with  the  light-colored  contact  phase  in  the  middle 
portion.  The  rocks  cut  are  sandstones,  quartzites,  and  thin  lime- 
stones belonging  to  the  Noatak  sandstone.  A  few  miles  west  of  this 
place  the  same  rocks  exhibit  structures  characteristic  of  ellipsoidal 
basalts  in  the  round  bowlder-like  appearance  of  the  exposed  surfacest 
Metamorphism  is  invariably  rather  strongly  marked  near  the  gabbro- 
sandstone  contact  for  a  distance  of  several  feet.  This  effect  is  shown 
by  the  bleaching  of  the  otherwise  dark-colored  sedimentary  rocks 
and  the  greater  induration. 

The  gabbro  shows  a  pronoimced  jointing  and  in  places  a  slicken- 
siding  produced  by  faulting,  but  nowhere  was  the  rock  at  all  schistose. 

The  eastern  locality  of  early  effusives  and  intrusives  has  already 
been  described  under  the  Koyukuk  group  (p.  81).  It  is  unneces- 
sary to  repeat  the  details  further  than  to  point  out  again  that  amyg- 
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daloids,  tuffs,  and  volcanic  agglomerates  occur  in  the  Zane  Hills  so 
intricately  associated  with  the  arkosic  sandstones  and  conglomerates 
and  other  sedimentary  rocks  that  they  can  only  be  differentiated  after 
amch  more  detailed  study  than  has  at  present  been  attempted.  All 
these  rocks  are  of  an  andesitic  or  dioritic  composition  and  texture. 

▲OB. 

The  most  definite  evidence  as  to  the  upper  age  limit  of  the  early 
effasives  and  intrusives  is  aflforded  in  the  eastern  part  of  Seward 
Peninsula  south  of  the  area  covered  in  this  report  and  shown  on  the 
map  (PI.  II).  Here  similar  rocks  form  bowlders  in  the  conglomerate 
at  the  base  of  the  Upper  Cretaceous  section  of  that  region.  This 
definitely  places  the  upper  age  limit  of  the  igneous  rocks  as  earlier 
tii&n  that  period  of  sedimentation.  In  the  same  region  granites 
which  are  known  to  cut  the  andesites  and  associated  rocks  intrude 
fossQiferous  Devonian  and  Carboniferous  limestones.  Although  it 
his  not  been  proved  beyond  question  that  the  andesites  ako  cut 
the  Carboniferous  rocks,  such  an  interpretation  seems  warranted  by 
the  general  relations  and  structures  of  the  two  groups. 

In  the  Noatak  region  sedimentary  rocks  younger  than  the  Carbonif- 
erous do  not  occur  near  the  gabbro  intrusives,  so  that  the  upper  age 
limit  of  the  latter  is  not  directly  determinable.  The  Carboniferous 
quartzites,  sandstones,  and  shades  are  intruded  and  therefore  the 
igneous  rocks  are  later. 

In  the  Koyukuk  region  the  basic  igneous  rocks  of  the  Zane  Hills 
form  pebbles  in  the  Upper  Cretaceous  conglomerate  and  sandstones. 
It  has  been  pointed  out  (p.  82)  that  the  Lower  Cretaceous  or  Upper 
Jurassic  age  of  the  Koyukuk  group  as  mapped  rests  on  fossils 
found  in  certain  limestones  associated  with  igneous  tuffs  and  other 
rocks.  If  this  correlation  is  correct  and  the  igneous  rocks  are 
actually  interbedded  with  the  Lower  Cretaceous  or  Upper  Jurassic 
sediments  the  age  of  the  igneous  rocks  is  definitely  settled.  However, 
as  the  age  determination  does  not  rest  on  incontrovertible  factSi 
there  is  reason  to  doubt  the  validity  of  the  conclusion. 

As  is  noted  later  (p.  114),  the  granites,  which  are  probably  referable 
to  this  same  major  period  of  intrusion,  cut  the  early  effusives  and 
btrusives.  It  b  therefore  open  to  question  whether  the  supposed 
Lower  Cretaceous  sediments  associated  with  the  igneous  rocks  have 
been  correctly  correlated  or  whether  they  may  not  in  reality  belong 
somewhat  lower  in  the  time  scale.  Whatever  may  be  the  correct 
answer  to  this  query,  it  seems  evident  from  the  facts  at  hand  that 
the  early  effusives  and  intrusives  are  of  Mesozoic  age,  were  probably 
formed  in  the  middle  rather  than  in  the  early  part  of  that  era,  and 
are  certainly  older  than  the  Upper  Cretaceous. 
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GRANinO  BOOKB. 
DXSTBIBimOV  Aim  XJTBOLOOZO  CSAMLOTXEM, 

The  rocks  here  grouped  together  as  granitic  rocks  occupy  in  the 
main  three  areas — Sewsjrd  Peninsula,  the  Zane  Hills,  and  the  highlands 
between  the  Noatak  and  Kobuk.  In  all  these  regions  this  group  is 
composed  of  acidic  intrusive  rocks  of  mediimi  fine  grain  and  rather 
uniform  composition.  The  rocks  occur  mainly  as  bathoUthic  masses 
from  which  there  are  numerous  small  apophyses  which  intrude  the 
country  rock. 

In  Seward  Peninsula  there  are  many  places  where  the  granitic  rocks 
are  exposed  within  the  mapped  area,  namely,  in  the  hiUs  forming  the 
Buckland  and  Eawalik  divide,  southwest  of  Candle;  in  the  central 
part  of  the  Kugruk  basin;  and  in  the  divide  between  the  Inmachuk 
and  Cottonwood  Creek.  All  of  these  localities  have  been  described 
by  Moffit,  and  the  following  extracts  taken  from  his  report  ^  serve 
to  give  only  one  or  two  typical  examples.    Near  Kugruk  River — 

the  rock  ia  of  a  light-gray  color  and  haa  an  even  grain  of  medium  coaneneas.  While 
not  differing  greatly  in  appearance  from  the  true  granites,  it  haa  a  aomewhat  unlike 
mineral  compoaition,  resulting  from  the  preeence  of  a  considerable  amount  of  plagio- 
claae  feldspar  in  addition  to  the  orthoclaae,  the  two  being  preaent  in  about  equal 
quantitiea  or  with  the  plagioclaae  slightly  predominating.  In  thin  section  the  micro- 
scope shows  plagioclase,  orthoclase,  hornblende,  quartz,  and  biotite;  titanite,  apatite, 
and  magnetite  are  always  present.  On  the  basis  of  the  amounts  of  plagioclase  and 
orthoclaae  this  rock  is  classed  with  the  monzonites. 

The  microecopic  study  of  the  siliceous  schistose  rocks  of  Eiwalik  Mountain  and  the 
neighboring  hilb,  also  of  Potato  Creek,  has  led  to  the  conclusion  that  they  also  are 
highly  altered  granites.  The  hand  specimens  show  a  light-colored,  saccharoidal, 
schistose  rock,  often  slightly  stained  with  iron  oxide.  In  the  outer  portion  of  the 
area  the  disturbing  forces  appear  to  have  had  greater  effect  than  near  the  central  part, 
although  the  entire  mass  is  highly  altered.  Under  the  microecope  the  rock  is  seen 
to  contain  more  quartz  than  feldspar,  with  minor  quantities  of  muacovite,  biotite, 
apatite,  and  zircon  in  grains  or  rarely  in  crystals;  secondary  calcite  is  rather  frequent. 

In  the  Buckland-Eawalik  divide  the  granitic  rocks  include — 

a  number  of  different  varieties— granites,  monzonites,  and  quartz  dioritea.  Horn- 
blende is  the  prevailing  dark  mineral  of  the  granites,  but  at  times  biotite  takes  its 
place.  By  a  decrease  in  the  amount  of  quartz  the  granites  approach  syenites  in  com- 
position, such  phases  being  characterized  by  the  abundance  and  large  size  of  ortho- 
claae crystals,  which  usually  show  Carlsbad  twinning  and  have  roughly  parallel 
arrangement,  with  the  small  intervening  spaces  filled  with  hornblende,  biotite,  and  a 
small  amount  of  quartz.    Titanite  is  abundant. 

In  the  Zane  Hills  the  granitic  rocks  are  similar  to  those  examined 
in  Seward  Peninsula.  They  are  formed  mainly  of  quartz,  orthodase, 
and  biotite.  Microcline,  microperthite,  and  undetermined  plagio- 
clase feldspars  occur  in  varying  amounts.  Hornblende  is  also  a  usual 
constituent.    Magnetite  and  apatite  form  only  a  small  bulk  of  the 

I  Mofflt,  F.  H.,  op.  dt,  pp.  27-». 


IQNB0U8  BOOKS.  113 

rock,  but  are  nearly  everywhere  present.  ApUtic  phases  in  the  small 
ciikes  from  the  larger  granite  masses  were  noted  at  a  nimiber  of  places. 
Vone  of  the  granites  appeared  to  have  been  sheared  since  consolid»- 
tiofl,  though  some  indications  of  movement  during  the  crystallization 
of  the  magma  ivere  seen. 

In  the  divide  betvv^een  the  Noatak  and  Kobuk  granites  undoubtedly 
koji  in  large  masses.  This  is  inferred  from  the  granite  pebbles  and 
bowlders  in  tbe  unconsolidated  deposits  that  have  been  derived  from 
this  region.  Xlxe  rocks  in  place  have  been  seen  only  in  the  mapped 
area  west  of  tixe  camp  of  July  16  on  the  Alatna.  The  general  appear- 
aoce  of  the  granite  and  its  topographic  expression  are  shown  in  Plate 
\1I,  B.  Unfortunately  the  specimens  from  this  place  were  lost  in 
trunsit,  so  they  could  not  be  examined  microscopically.  Granite  from 
the  same  general  region,  however,  was  found  as  float  on  the  hillside  of 
the  Alatna  V  alley ,  high  above  Lake  Takahula,  and  on  the  hill  east  of 
TwelvemUe  Creek  in  the  Noatak  basin.  The  specimens  from  both 
these  places  sliow  considerable  quartz,  with  some  orthoclase  and 
microcline  feldspar  and  smaller  amounts  of  oligoclase  or  oligoclase- 
albite,  some  mica,  mainly  muscovite  but  with  a  little  biotite,  usually 
moT^  or  less  cbloritized,  and  varying  but  very  small  quantities  of 
epidote  and  garnet. 

It  is  nncertain  whether  granitic  rocks  occur  north  of  the  Noatak 
in  the  >^ffla  north  of  the  camp  of  August  7.  The  float  in  this  part  of 
the  basin  is  so  much  mixed  that  it  was  impossible  to  distinguish  the 
source  of  particular  pieces.  In  this  part  of  the  basin  float  of  a  coarsely 
crystalline  Iiypidiomorphic  granular  rock  that  is  not  known  to  occur 
in  any  part  of  the  explored  region  was  found.  It  consisted  entirely 
of  bytownite  feldspar  and  augite,  with  small  amounts  of  olivine. 
From  tbis  composition  it  may  most  appropriately  be  called  an  olivine 
I  gabbro.  The  absence  of  quartz  makes  doubtful  the  assignment  of 
the  rock  to  the  granitic  group  previously  described,  and  further 
explorations  wiU  be  necessary  to  prove  whether  the  oUvine  gabbro 
should  belong  to  the  granitic  group  or  to  the  early  basic  effusives 
and  intrusive. 

Another  rock  of  unknown  distribution  and  relations  which  may 
belong  to  the  group  of  granitic  rocks  was  foimd  as  float  in  some  of 
tbe  streams  in  the  vicinity  of  Shungnak.  This  rock  was  coarsely 
crystaUine,  basic,  granular,  and  made  up  largely  of  chromite,  with 
smaller  amounts  of  iron  silicates  and  feldspar.  Bowlders  up  to  a 
foot  or  more  in  diameter  were  fairly  numerous  in  Dahl  Creek.  If 
this  float  really  belongs  to  the  group  of  granitic  rocks,  it  will  be 
necessary  eventually  to  split  up  the  group  into  an  acidic  phase,  char- 
acterized by  the  normal  granites,  and  a  basic  phase,  to  which  these 
basic  and  ultrabasic  rocks  now  known  only  as  float  belong. 
31^— Bull.  636—13 8 
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▲OX  Aim  ZVTSBBXLAnOSB. 

The  determination  of  the  age  of  the  granitic  rocks  has  already 
been  partly  treated  in  discussing  the  age  of  the  eaiiy  basic  effusives 
and  intrusives.  In  that  section  it  was  stated  that  the  granitic  rocks 
cut  the  other  igneous  rocks  in  the  Eawalik-Buckland  divide  and  in 
the  Zane  TTilla  and  formed  pebbles  in  the  conglomerate  at  the  base 
of  the  known  Upper  Cretaceous  section.  The  latter  condition  is  also 
found  to  be  true  of  the  conglomerate  at  the  base  of  the  same  group 
on  the  Alatna.  It  seems  fairly  certain  that  the  upper  age  limit  that 
can  be  assigned  to  the  granitic  rocks  as  a  whole  is  pr^Upper  Cre- 
taceous. The  lower  age  limit  may  be  determined  on  the  basis  of  the 
assumed  age  of  the  early  basic  rocks.  This,  however,  has  been  shown 
to  be  open  to  question.  There  is  no  doubt,  however,  that  granites 
in  all  essential  respects  similar  to  those  under  consideration  have  been 
found  in  the  Darby  Range  of  Seward  Peninsula,  cutting  fossiliferous 
Devonian  or  Carboniferous  limestones.*  It  follows,  therefore,  that 
the  granitic  rocks  were  formed  probably  in  the  Mesozoic  and  certainly 
between  the  known  Devonian  or  Carboniferous  and  the  known  Upper 
Cretaceous  sediments. 

As  already  suggested  in  a  previous  paragraph,  the  most  wide- 
spread period  of  volcamsm  in  Alaska  appears  to  have  been  in  the 
Jurassic,  and  it  seems  more  than  likely  that  these  granites  were 
intruded  during  that  general  period. 

It  should  be  pointed  out,  however,  that  a  comparatively  long 
period  must  have  elapsed  between  the  early  effusives  and  the  granitic 
intrusives,  for  the  two  are  formed  under  such  different  conditions 
that  there  must  have  been  thorough  consolidation  and  considerable 
burial  of  the  lavas  before  the  granites  were  injected.  It  is  therefore 
necessary  to  take  into  consideration  this  interval  in  assigning  a  definite 
age  to  the  igneous  activities  by  which  these  two  groups  were  produced. 

LATE  LAVAS  OR  BASALTIO  EFFUSnrES. 

DSSTAXBTTTIOV. 

Late  lavas  occtu*  chiefly  in  two  areas  in  the  Noatak-Kobuk  region, 
namely,  in  Seward  Peninsula  and  in  the  Koyukuk  basin. 

In  Seward  Peninsula  the  most  extensive  areas  are  in  the  extreme 
southwestern  part  of  the  mapped  area  along  the  valleys  of  Inmachuk, 
Kugruk,  and  KiwaUk  rivers;  at  several  places  along  the  coast, 
notably  west  of  Cape  Deceit;  and  in  the  lower  country  flanking  the 
Eawalik-Buckland  divide.  The  recent  basalts  in  the  latter  locality 
have  not  been  mapped,  as  their  differentiation  from  the  early  basic 
effusives  and  intrusives  has  not  been  effected.  It  i^  known  that  the 
group  is  also  represented  in  the  Buckland  basin,  but  the  region  has 

1  Smith,  P.  B.,  and  Ealdn,  H.  IC.,  A  geologic  noonnalssanoe  in  soufheastnn  Seward  Pcninsabk  and  tha 
Norton  Bay-Nulato  region,  Alaaka:  Bull.  U.  8.  OeoL  Surrey  No.  449,  mi,  pp.  64-70, 
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not  been  critically  examined  and  little  is  imown  of  the  occurrence 
except  that  the  rocks  form  rapids  30  miles  above  the  mouth  of  the 
^jeam  and  prospectors  report  float  basalt  in  other  parts  of  the  basin. 
In  the  Koyukuk  basin  recent  basalts  have  been  seen  at  three 
places,  but  probably  further  exploration  would  result  in  the  discovery 
of  other  areas  occupied  by  these  rocks.  The  three  areas  are  on 
Kanuti  River,  about  30  to  40  miles  in  an  air  line  east  of  the  mouth 
i  that  stream;  along  the  flanks  of  the  Zane  Hills,  west  of  the  mouth 
>f  the  Hogatza;  and  on  the  northern  flanks  of  the  Zane  Hills  in  the 
pass  from  the  Pah  to  the  Selawik,  between  these  hills  and  the  Lock- 
wood  Range  to  the  north. 

LrrROLOOZO  ohabaotsk. 

The  recent  basalts  in  northeastern  Seward  Peninsula  have  been 
i)est  described  by  Moffit  and  the  following  abstracts^  have  been  taken 
!rom  his  published  report: 

In  color  the  lavaa  are  dark  gray,  green,  or  nearly  black;  they  are  usnaUy  very 
f Uular  or  even  spongy  in  appearance  but  at  times  compact  and  without  the  amygda- 
f'M  cavitiee.  Outcrops  of  the  older  lavaa  in  place  are  not  plentiful,  and  the  edges 
'^  the  sheets,  where  cut  through  by  the  streams,  are  marked  by  tumbled  heaps  of 
^iocb  resulting  from  the  jointed  columnar  structure  of  the  lava.  In  a  few  places 
%  iarm  flat-topped  hills  or  mesas  from  20  to  50  feet  high,  very  conspicuous  when 
^'eved  bom  a  distance  and  evidently  the  remains  of  a  partly  eroded  sheet.  Agglom- 
%t€8  and  breccias  were  observed  at  several  points.  A  study  of  the  numerous  speci- 
^09  collected  shows  them  to  be  made  up  of  diaba^  ?  and  basalts,  both  rich  in  olivine. 
lathe  basalts  especially  olivine  phenocrysts  are  abundant  and  very  noticeable,  even 
:2  the  hand  specimen.  Iddingsite  is  not  infrequent  as  an  alteration  product  of  the 
li>in€8.    ♦    ♦    ♦ 

I&  ^is  region  the  outpouring  of  liquid  rock  took  place  in  not  very  distant  time, 
l^the  lopy  surface  and  irregular  margin  are  still  preserved,  just  as  at  the  time  when 
'^6  molten  stream  ceased  to  flow.  Caverns  or  tunneb,  produced  by  the  cooling  of 
tiie  surface  and  subsequent  outflow  of  the  still  liquid  rock  beneath,  are  numerous. 
^^  show  a  height  of  20  to  25  feet  aqfl  a  width  in  some  instances  as  great  as  200  or 
^■Ofeet,  but  rarely  have  the  roofs  preserved  to  the  present  time,  since  the  weight  was 
'<>  great  for  an  arch  of  such  width.  Flattened  lenticular  steam  cavitiee,  2  to  3  feet 
'^greatest  diameter,  are  sometimes  exposed,  and  the  upper  surface  of  the  sheet  is 
^rked  here  and  there  by  smooth,  irregular  elevations  produced  by  the  escape  of 
^«ain  and  the  welling  of  the  lava  from  below, 

loiportant  modifications  of  the  drainage  were  brought  about  by  the  extrusion  of  the 
'^^'A.  which  occupied  the  depressions  and  flowed  down  the  vaUeys  in  broad  rivers  of 
^h^n  rock.  At  times  the  cooling  of  the  advancing  front  wall  dammed  back  the 
'''^  and  forced  it  over  the  low,  rounded  divides  between  the  watercourses  into  the 
"^xt  valley  beyond,  or  formed  a  lake  which  finally  overflowed  the  obstruction  and 
'^"^ed  its  original  course,  only  to  repeat  the  process  a  little  farther  on. 

^^  this  way  islands  of  bare  ground  were  left  between  the  great  finger-like  pro- 
^iona  along  the  edge  of  the  sheet.  At  the  same  time  a  shifting  of  the  watercourses 
^  brought  about,  for  when  not  of  sufilcient  volume  to  fill  it  the  lava  occupied  the 
'^eet  part  of  the  vaUey  and  the  waters  sought  a  new  channel  parallel  to  the  old  one, 
^^  the  edge  of  the  hardened  flow.  A  number  of  lakes  and  ponds  also  owe  their 
^i^&ce  to  the  damming  of  streams  by  lava. 

^lloint,  F.  H.|  oy.  dt,  pp.  81-32. 
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Mendenhall  ^  describes  the  Kanuti  River  locality,  in  the  Koyukuk 
basin,  as  follows: 

Along  the  middle  Kanuti  River  *  *  *  horizontally  bedded  vesicular  olivine 
basalts  form  blufEs  50  to  75  feet  high  on  the  north  bank  of  the  river,  and  similar  blu£b 
south  of  the  valley  are  probably  due  to  the  same  fonnation. 

On  the  southeastern  flank  of  the  Zane  Hills  occur  numerous 
exposures  of  dark  amygdaloidal  basalt,  which  form  a  low  ridge  north 
of  the  Koyukuk.  Under  the  microscope  the  rock  is  seen  to  consist 
of  small  phenocrysts  of  augite  and  plagioclase  feldspar  in  a  fine- 
grained groundmass  of  the  same  material.  Magnetite  occurs  as  an 
accessory  and  chlorite  as  a  secondary  mineral,  resulting  from  the 
alteration  of  the  augite.  The  rock  as  a  rule  has  a  much  less  glassy 
appearance  than  the  basalts  of  Seward  Peninsula.  On  exposed 
surface  it  weathers  to  a  rusty  brown  color,  but  few  exposures  were 
seen  in  which  this  oxidized  layer  was  as  much  as  one-sixteenth  of 
an  inch  thick. 

In  the  vicinity  of  the  pass  between  Pah  and  Selawik  rivers,  a 
reddish-brown  lava  forms  low  level- topped  mesas  of  considerable 
extent.  The  flows  were  rather  thin,  for  down  some  of  the  small 
ravines  a  vertical  distance  of  100  feet  or  so  were  found  outcrops  of 
the  underlying  Cretaceous  sandstones  and  conglomerates.  So  far 
as  observed  the  lava  was  entirely  undisturbed.  Under  the  micro- 
scope a  specimen  from  this  place  showed  phenocrysts  of  orthoclase 
one-eighth  of  an  inch  in  length  in  a  groundmass  of  orthoclase, 
albite,  and  biotite  with  accessory  magnetite  and  secondary  iron 
oxides.  The  red  color  of  the  rock  is  due  to  the  finely  divided  and 
widely  disseminated  iron  oxides.  This  rock  has  all  the  features  of 
certain  of  the  lavas  from  the  lower  part  of  the  Koyuk  basin  reported 
by  Smith  and  Eakin'  in  1909.  The  extent  of  the  lava  flow  at  this 
locality  was  not  determined,  but  it  imdoubtedly  occupies  a  much 
greater  area  than  that  shown  on  the  geologic  map  (PI.  11).  Prob- 
ably some  of  the  topographic  features  of  the  Pah-Hogatza  basin  will 
subsequently  be  shown  to  have  been  produced  by  the  barrier  formed 
by  the  outpouring  of  this  lava,  and  certain  of  the  high-level  gravels 
may  have  been  formed  as  a  result  of  drainage  modifications  it 
undoubtedly  induced. 

▲OB. 

The  effusions  of  recent  basalt  took  place  probably  in  the  later 
stages  of  the  Tertiary  and  extended  down  almost  to  the  present  time. 
In  the  Noatak-Kobuk  region  the  only  direct  evidence  as  to  the  earliest 
date  to  be  assigned  to  these  lavas  is  the  fact  that  they  overlie  Upper 

1  Meadenhall,  W.  C,  Reconnftiaaaiice  from  Fort  Hamlin  to  Kotiebue  Sound,  Alaska:  Prof.  Paper  U.  S. 
G6oL  Survey  No.  10, 1902,  p.  42. 
>  Smith,  P.  8.,  and  Eakin,  H.  IC.,  op.  cit^  p.  73, 
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&etac60us  rocks  unconf ormably.  Howeveri  as  there  was  a  pro- 
nounced period  of  diastrophism  that  occurred  later  than  the  Eocene 
and  as  the  lavas  were  not  affected  by  it,  it  is  evident  that  they  were 
formed  subsequent  to  that  event. 

The  extrusion  of  lava  continued  down  to  a  very  recent  time,  as 
is  shown  by  the  freshness  of  the  rocks  and  the  unmodified  character 
of  the  topography  to  which  they  give  rise.  As  already  noted,  the 
ropy  surfacCi  unfilled  gas  cavities,  and  lava-dammed  lakes  indicate 
that  certain  of  the  flows  are  very  recent.  Furthermore,  it  has  been 
shown  by  Collier  ^  that  in  neai^by  portions  of  Seward  Peninsula  the 
recent  basalts  overlie  gravels  which  are  cemented  by  indurated 
days.  MendenhaU'  found  similar  conditions  in  the  Koyuk  basin, 
where  horizontal  recent  basalts  lie  on  5  feet  of  gravel,  which  in  turn 
rests  unconformably  on  schists. 

All  these  flows  are  not  portions  of  a  once  continuous  sheet  or  of 
a  single  extrusion.    This  is  proved  not  only  by  the  different  character 
of  the  rocks  and  the  different  amount  of  weathering  they  have  under- 
gone, but  also  by  the  fact  that  at  the  locaUty  noted  in  the  preceding 
paragraph  Collier  found  pebbles  of  an  earlier  lava  in  the  gravels  over- 
lain by  the  recent  basalts.    The  latter  fact  shows  that  there  had 
been  an  early  lava  flow,  succeeded  by  a  period  of  erosion  in  which 
the  gravels  were  formed  prior  to  the  eruption  of  the  covering  lavas. 
From  the  foregoing  statements  it  may  be  inferred  that  all  of  the 
recent  basalts  were  not  contemporaneous.    Although  they  probably 
range  in  age  from  late  Tertiary  to  Recent,  when  considered  in  a  broad 
way  it  is  believed  that  they  aU  mark  essentially  one  period  of  vol- 
canism.    Therefore,    although    many   years    undoubtedly    elapsed 
between  different  flows,  even  in  the  same  district,  there  are  sufficient 
reasons  for  assembling  the  lavas  together  and  regarding  them  all  in 
a  stratigraphic  sense  as  practically  a  unit. 

VBIN8. 

Although  the  occiurence  of  veins  is  of  much  importance  in  the 
search  for  valuable  mineral  deposits,  it  has  not  been  possible  to 
indicate  their  distribution  on  the  geologic  map  (PI.  II)  on  account 
of  the  limitations  of  the  scale.  Consequently  in  the  following  pages 
a  description  is  given  of  the  general  types  of  veins  recognized  and 
the  kinds  of  rocks  in  which  they  occur,  and  the  account  of  the  places 
where  veins  carrying  ore  minerals  have  been  exploited  is  left  to  the 
last  section  of  this  report,  which  treats  of  the  economic  geology 
(pp.  125-167). 

J  CoOier,  A.  J.,  A  reooniiaiaanoe  of  the  northwtttem  portion  of  Seward  PenJnsula,  Alaska:  Prof.  Paper 
U.  8.  GeoL  Surrey  Ko.  2, 1902,  p.  31.  • 

^MendeiLball,  W.  C,  A  reconnatawmce  in  the  Norton  Bay  region,  Alaska,  in  1900:  Special  Publication 
U.  8.  OeoL  Survcjf  1901,  p.  aoo. 
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OLDBR   QUARTZ   VEINS. 

The  veins  of  the  region  may  be  divided  roughly  on  the  basis  of 
their  most  abundant  constituents  into  two  main  types,  namely, 
quartz  and  calcite  veins.  The  former  are  the  most  abundant  and 
are  economically  the  most  important.  The  quartz  veins  are  further 
divisible  into  many  smaller  groups  on  the  basis  of  age  or  mineral  com- 
position. It  is  not  known  how  many  periods  of  quartz  vein  formar- 
tion  there  were,  but  at  least  two  appear  to  be  fairly  distinct  and 
identifiable — one  prior  to  the  profound  pre-Mississippian  deformation 
and  the  other  after  that  period  of  diastrophism.  In  the  present 
report  the  veins  formed  during  the  first  period  are  called  the  older 
quartz  veins,  whereas  the  others  are  called  the  younger  quartz  veins. 

From  the  above  definition  of  the  two  groups  it  is  evident  that  the 
older  quartz  veins  are  found  only  in  the  undifferentiated  Paleozoic 
metamorphic  schists  and  the  undifferentiated  Paleozoic  limestones. 
As  already  pointed  out,  most  of  these  limestones  are  believed  to  be 
later  than  the  schists,  and  in  the  field  it  is  found  that  the  older  quartz 
veins  are  almost  if  not  entirely  confined  to  the  schists.  This  fact 
is  significant  as  indicating  the  general  distribution  of  these  veins, 
for  the  areas  of  schist  are  shown  on  the  geologic  map  (PI.  11).  In  all 
the  areas  mapped  as  undifferentiated  metamorphic  schists,  from 
John  River  to  Seward  Peninsula  inclusive,  representatives  of  this 
group  of  veins  were  recognized. 

As  the  older  quartz  veins  have  gone  through  the  same  deformational 
processes  to  which  the  older  rocks  have  been  subjected,  their  field 
appearance  shows  evidence  of  this  history.  They  usually  occur  as 
stringers,  lenses,  and  irregular  masses  of  quartz  of  slight  horizontal 
or  longitudinal  extent.  Plate  VIII,  A  (p.  66),  previously  described, 
shows  some  of  these  veins  in  the  schists  on  Alatna  River.  Unfor* 
tunately  they  are  not  very  distinct  in  the  illustration,  but  they  can 
be  recognized  as  the  light-colored,  hard  bunches  around  whidi  the 
cleavage  wraps,  a  little  to  the  right  of  the  hammer.  The  veins  are 
discontinuous  and,  although  in  places  zones  or  areas  having  numerous 
veins  are  seen,  the  individual  members  can  not  be  traced  for  any 
distance.  This  feature  is  important  in  determining  whether  the 
veins  can  be  successfully  exploited  as  lodes. 

The  filling  of  the  older  veins  is  almost  entirely  quartz.  Some 
sulphides  or  their  oxidation  products  are  seen  in  a  few  of  the  veins, 
but  they  form  an  insignificant  amount  of  rock.  It  is  probable, 
judging  from  assays  made  of  similar  veins  in  Seward  Peninsula,  that 
native  gold  is  ako  found  in  the  older  quartz  veins.  This  fact  has 
not  been  demonstrated  in  the  Noatak-Kobuk  r^on,  but  it  is  believed 
that  this  group  of  veins  is  the  source  from  which  a  large  amount  of 
the  placer  gold  has  been  derived. 
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YOUNGER  QUABTZ  VEIK8. 

tlie  younger  quartz  veins  occur  widely  throughout  the  Noatak- 
Kobuk  r^on.  Although  this  group  includes  all  the  veins  later  than 
the  major  period  of  metamorphism,  and  so  may  occur  in  any  of  the 
rocks  in  the  region,  they,  like  the  older  quartz  veins,  are  largely 
confined  to  the  undifferentiated  Paleozoic  schists  and  limestones. 
Unlike  the  former  group,  however,  they  have  been  found  in  the 
Xoatak  sandstone  and  Lisbume  limestone.  Few  if  any  veins  occur 
in  rocks  younger  than  the  Paleozoic,  so  that  the  distribution  is 
confined  to  the  areas  occupied  by  rocks  older  than  the  Mesozoic. 

Like  the  preceding  group,  there  are  strong  reasons  for  beUeving  that 
all  the  younger  quartz  veins  are  not  of  the  same  age.  Data  to  permit 
the  separation  of  the  different  members  of  this  group,  however,  are 
not  yet  at  hand.  Many  of  the  younger  quartz  veins  appear  as  fillings 
of  crevices  or  gashes  in  the  highly  deformed  sandstones  along  the 
Xoatak.  A  particularly  clear  illustration  of  the  appearance  of  these 
veiBs  is  shown  in  Plate  X,  ^  (p.  63),  which  shows  a  sandstone  outcrop 
&  short  distance  above  the  camp  of  August  13.  At  this  place  quartz 
reins  have  been  formed  in  the  axis  of  a  closely  appressed  and  ruptured 
fold,  transverse  to  the  bedding.  The  veins  are  aU  of  slight  extent 
and  the  filling  has  the  appearance  of  being  derived  by  infiltration 
from  the  adjacent  rock.  The  veins  contain  practically  no  mineral 
other  than  quartz,  and  it  is  befieved  that  gold  and  other  economically 
valuable  minerals  are  not  to  be  sought  in  this  type  of  vein. 

There  are,  however,  certain  of  the  younger  quartz  veins,  appar- 
ently from  a  deep-seated  source,  that  may  contain  valuable  minerak. 
Such  veins  appear  to  be  most  common  in  the  black  slates  and 
quartzites  of  the  undifferentiated  metamorphic  schists.  They 
range  in  size  from  almost  microscopic  dimensions  to  masses  2  to  3 
feet  in  width  traceable  for  considerable  distances  along  the  strike. 
Veins  of  this  sort  were  particularly  examined  at  the  head  of  Dahl 
Creek,  north  of  Shungnak.  At  this  place  the  hillside  is  covered 
^th  a  heavy  quartz  float  derived  from  veins  in  the  vicinity,  many 
of  the  pieces  weighing  more  than  100  pounds.  Although  quartz 
was  practically  the  only  mineral  recognizable  in  the  rock,  many 
specimens  from  this  place  in  the  possession  of  prospectors  showed 
considerable  free  gold  in  well-formed  crystalline  aggregates. 

Although  the  younger  quartz  veins  are  numerous  in  the  harder, 
more  resistant  Paleozoic  rocks,  it  is  relatively  uncommon  to  find 
tiiem  extending  far  into  the  limestones.  It  is  believed  that  the 
i^ason  for  this  condition  is  not  that  the  higher  rocks  had  not  been 
formed,  but  rather  that  extensive  fissures  could  not  be  maintained  in 
&  rock  that  flows  under  pressure  so  easily  as  a  limestone.  In  other 
Words,  the  more  brittle  rocks  fractured  and  produced  open  spaces 
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when  subjected  to  deformation,  whereas  the  limestones  yielded 
somewhat  as  wax  does  mider  pressure.  This  feature  makes  it 
uncertain  whether  a  particular  limestone  was  formed  later  than 
certain  of  the  veins  in  near-by  areas  or  not,  and  therefore  in  a  large 
measure  causes  doubt  as  to  the  correlation  of  different  members. 

Before  leaving  the  subject  of  the  younger  quartz  veins  it  is  neces- 
sary to  point  out  that,  although  they  were  formed  subsequent  to 
the  main  period  of  dynamic  metamorphism,  many  of  them  were 
subjected  to  pronounced  mountain-building  forces.  As  a  result, 
although  the  veins  are  not  so  sheared  and  knotted  as  the  older  veins, 
they  have  been  folded,  faulted,  and  otherwise  deformed  from  their 
original  condition.  They  seldom  occur,  therefore,  as  continuous 
veins  traceable  for  long  distances  with  a  constant  dip  and  strike 
but  are  usually  discontinuous,  shattered,  and  irregular.  This  fact 
is  important,  for  the  development  of  mines  on  these  veins  will  require 
a  thorough  and  precise  determination  of  the  complex  structural 
features  of  the  veins  to  be  exploited. 

CALCITE   VEINS. 

Calcite  veins  are  confined  almost  exclusively  to  the  limestone 
areas  and  rarely  extend  more  than  a  short  distance  into  the  schists. 
As  a  rule  they  are  similar  to  the  younger  quartz  veins  of  the  gash, 
type,  and  like  them  are  believed  to  have  derived  their  filling  mainly 
from  the  rocks  in  the  immediate  vicioity  of  the  fissures.  Plate  IX,  B 
(p.  62),  previously  described,  shows  some  of  these  calcite  gash  veins 
particularly  well  in  the  more  massive  member  in  the  center  of  the 
view.  At  this  outcrop,  which  is  a  short  distance  below  camp  August 
4  on  the  Noatak,  the  longer  axis  of  the  elliptical  cross  section  of  the 
veins  stands  nearly  vertical  and  the  different  veins  are  arranged  en 
Echelon. 

Calcite  is  practically  the  only  mineral  in  these  veins.  It  occurs 
in  many  different  forms,  from  separate  crystals  an  inch  or  more  in 
length,  having  perfect  rhombohedral  outlines  and  open  spaces 
between  the  crystals  on  opposite  walls,  to  fine-grained  marble-like 
masses  completely  filling  the  vein.  In  a  few  veins  a  little  quartz 
has  been  found  associated  with  calcite,  but  it  is  generally  in  small 
amounts.  Sulphides  occur  but  sparingly  in  the  calcite  veins,  though 
in  some  of  the  brecciated  limestones  there  has  been  sulphide  min- 
eralization that  is  so  associated  with  calcite  that  the  rock  superficially 
appears  to  be  a  calcite  vein.  Native  gold  is  not  known  to  occur  in 
any  of  the  calcite  veins  in  the  Noatak-Kobuk  region.  North  of 
Nome  in  Seward  Peninsula  and  in  the  vicinity  of  Chicken  Creek  in 
the  Yukon-Tanana  region  gold  has  been  found  in  calcite  veins.  It 
is  not  known  whether  the  veins  are  similar  in  origin  to  those  in  the 
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yo&tak-Kobuk  region,  but  it  is  believed  that  as  a  whole  the  calcite 
reios  of  the  gash  type  do  not  warrant  exploitation  as  lodes  and  also 
iid  not  afford  any  liotable  amount  of  gold  for  the  production  of 

placers. 

OBlOIK  OF  THE   VEIN  MATEBIAL. 

The  source  of  the  vein  material  in  the  two  types  of  veins  known  to 
tmj  valuable  minerals,  namely,  the  older  and  certain  of  the  younger 
caartz  veins,  is  as  yet  undetermined.  So  far  no  connection  has  been 
tnced  between  any  of  these  types  of  veins  and  the  igneous  intru- 
30D8.  The  absence  of  definite  proof,  however,  does  not  preclude 
tlie  possibility  of  such  an  interrelation.  It  is  an  important  ques- 
tion to  determine,  for  the  distribution  of  the  veins  depends  on  the 
;;eologic  history,  which  is  therefore  a  matter  that  should  be  closely 
arestigated  in  the  field  and  the  conclusions  thoroughly  tested. 

The  greenstones  and  associated  schists  show  some  sulphide  min- 
eralization of  a  disseminated  type  that  may  have  been  brought  in 
iuring  the  intrusion  of  the  rock  from  a  deep-seated  source.  The 
uDoiint  of  this  mineralization,  however,  seems  to  be  very  slight. 
^'ilphides  are  also  foimd  in  intrusive  rocks  at  the  Noatak  Canyon, 
hi  only  in  scattered  grains,  and  the  mineralizing  effect  does  not 
^m  to  have  extended  far  beyond  the  immediate  contact.  In  the 
nigbns  occupied  by  granite  a  little  sulphide  mineralization  was 
'Wved.  It  was  so  small  in  amount,  however,  that  save  for  a  few 
mattered  brown  oxide  stains  on  the  rock  it  would  have  almost 
^aped  detection.  No  sulphide  mineralization  in  the  recent  basalts 
^  been  recorded. 

It  has  already  been  suggested  that  the  fillings  of  certain  of  the 
quartz  and  calcite  veins  which  occur  in  irregular  gashes  have  been 
•ormed  during  or  at  the  close  of  the  dynamic  metamorphism  of  the 
^n.  In  this  type  of  vein  it  is  believed  that  the  filling  has  been 
^mei  from  the  contiguous  rocks  and  has  migrated  into  the  open 
spaces  where  it  has  been  deposited.  If  this  interpretation  is  correct, 
^t  seems  probable  that  these  veins,  though  of  widespread  diatribu- 
^on,  hold  out  little  promise  of  being  commercially  valuable. 

SUMMARY  OF  THE  GEOLOGIC  HISTORY. 

From  the  preceding  description  of  the  various  rocks  and  deposits 
^thave  been  recognized,  together  with  the  notes  on  their  structures 
^  relative  ages,  the  geologic  history  of  the  region  may  be  inferred. 
However,  as  the  reconstruction  of  these  different  stages  in  the  history 
^  not  obvious  to  all,  an  attempt  wiU  be  made  in  the  following 
H^  to  give  a  consecutive  statement  of  the  various  events  that  are 
l^Heved  to  have  occurred  in  the  Noatak-Kobuk  region.  In  this 
^^umnary  much  of  the  evidence  on  which  the  succession  has  been 
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detennined  has  been  omitted  and  should  be  sought  in  the  genera.1 
descriptiye  portion  of  the  report.  In  order  to  avoid  too  much  repeti- 
tion some  of  the  statements  have  been  made  more  definite  than  tvlie 
facts  at  hand  warrant;  for  instance,  the  Bergman  group  is  regarded. 
as  Upper  Cretaceous,  though,  as  explained  on  pages  86-87,  this  deter- 
mination is  not  proved  by  fossils  nor  exact  stratigraphy  but  is  based 
on  several  assumptions.  The  following  statements  should,  there- 
fore, not  be  considered  independently  from  the  fuller  evidence  pre- 
sented in  the  earher  portions  of  this  report. 

The  earUest  event  recorded  in  the  region  was  the  deposition  of  cer- 
tain of  the  undifferentiated  schists  as  sediments  probably  similar  in 
all  essential  respects  to  the  sands  and  muds  that  are  being  deposited 
in  the  sea  at  tlie  present  time.    Subsequently  these  deposits  were 
consolidated,  possibly  undergoing  various  elevations  and   depres- 
sions so  that  occasional  breaks  in  the  depositional  cycle  may  have 
occurred.    Veins  of  the  older  quartz  vein  group  were  found  in  the 
rocks.    A  pronoimced  period  of  deformation  then  ensued,  whereby 
the  rocks  were  sheared  and  rendered  schistose  and  secondary  minerals 
formed.    This  mountain-built  mass  was  then  subjected  to  erosion, 
streams  and  other  denuding  agencies  beginning  to  carry  away  mate- 
rial from  the  highlands  and  to  deposit  it  again  in  the  sea.     After 
this  process  had  continued  for  a  considerable  time  the  region  viras 
submerged  and  some  of  the  undifferentiated  limestones  were  deposited. 
Owing  to  uncertainty  as  to  the  age  of  these  rocks,  it  is  impossible 
to  state  the  time  of  this  depression  and  as  there  was  probably  more 
than  one  period  of  limestone  formation  the  history  of  this  part  of 
the  geologic  sequence  is  obscure. 

During  the  deposition  of  the  earher  imdifferentiated  hmestones 
there  appear  to  have  been  igneous  intrusions  marked  by  the  pres- 
ence of  the  greenstones.  These  have  been  subjected  to  profound 
deformation  and  seem  to  be  older  than  the  main  mass  of  the  undif- 
ferentiated limestones  and  were  formed  apparently  at  the  close  of 
the  early  great  period  of  mountain  building.  A  period  of  green- 
stone intrusion  has  been  recognized  in  many  parts  of  Alaska — in 
Seward  Peninsula,  in  the  Koyukuk  basin,  in  the  Yukon-Tanana 
region,  in  the  Copper  River  region,  and  in  the  Kaiyuh  Hills.  The 
evidence  from  these  places  does  not  afford  conclusive  proof  as  to  the 
time  of  the  intrusion,  for  in  Seward  Peninsula  the  greenstones  cut 
limestones  of  questionable  Devonian  or  Carboniferous  age,  in  the 
Yukon  region  the  greenstones  are  Devonian,  and  in  the  Copper  River 
region  and  in  southeastern  Alaska  the  intrusion  was  Carboniferous 
or  later. 

In  the  Mississippian  the  region  was  again  one  of  deposition  and 
the  Noatak  sandstone  and  Lisbume  limestone  were  laid  down.  The 
fossil  contents  of  these  two  formations  show  that  the  rocks  were 
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ssentially  contemporaneous,  but  the  deposition  continued  for  a  long 
time,  as  is  shown  by  the  great  thickness  of  strata  composing  these 
formations.  The  presence  of  Triassic  float  shows  that  deposition 
WAS  more  or  less  continuous  into  the  Mesozoic.  That  there  were 
interruptions  is  probable,  for  the  Triassic  is  Upper  Triassic  and  no 
PenDsylvanian  nor  Lower  or  Middle  Triassic  is  known,  so  that  the 
region  may  have  been  an  area  of  erosion  during  that  time. 

After  the  consoUdation  of  these  sediments  another  period  of  moun- 
uin  building  ensued,  in  which  these  rocks,  together  with  the  earlier 
schists,  were  folded  and  faulted  and  probably  lofty  mountains  were 
fonaed.  Erosion  again  began  to  attack  the  region,  to  wear  down 
the  hills,  to  remove  the  materials  and  to  form  deposits  in  outside 
areas. 

No  records  of  the  events  in  the  middle  Mesozoic  are  preserved 
unless  portions  of  the  Koyukuk  group  in  the  Zane  Hills  and  the 
igneous  rocks  associated  with  the  known  Lower  Cretaceous  limestone 
were  formed  in  this  period.  It  has  already  been  suggested  that  from 
analogy  with  other  parts  of  Alaska  such  an  assumption  is  reasonable, 
though  unproved.  Following  the  early  basic  effusives  and  intrusions 
there  were  widespread  injections  of  granitic  rocks. 

In  the  Lower  Cretaceous  the  only  definite  fact  is  that  limestones 
w^e  deposited.  Fragmental  volcanic  ejecta  and  flows  are  appai^ 
ently  closely  associated  with  these  rocks.  As  may  be  judged  from  the 
geologic  history  of  near-by  portions  of  Alaska,  pronounced  deforma- 
tion and  further  volcanic  effusion  closed  this  period.  This  resulted 
in  a  considerable  part  of  the  region  becoming  land  subjected  to 
erosion.  The  material  removed  from  this  land  was  deposited  in  the 
^a  that  probably  existed  south  of  the  Kobuk.  Gradually  the  region 
mk  and  the  Upper  Cretaceous  deposits  encroached  farther  and 
farther  on  the  land,  possibly  extending  continuously  from  the  south- 
em  to  the  northern  margin  of  the  mapped  area.  Thousands  of  feet 
of  strata  were  deposited  during  this  period,  which  probably  extended 
from  the  Upper  Cretaceous  into  the  Eocene. 

With  the  close  of  this  period  of  deposition  the  last  great  period 
of  deformation  ensued.  The  present  major  topographic  features 
^ere  produced,  though  the  mountains  were  probably  much  more 
lofty,  and  the  details  were  far  different  from  those  seen  to-<iay. 
Probably  it  was  during  this  period  of  mountain  building  that  the 
already  folded  Mississippian  rocks  were  still  more  deformed,  and 
the  secondary  structures,  such  as  those  shown  in  Plate  XIV,  may 
have  been  produced.  The  absence,  however,  of  evidence  concerning 
the  relations  of  the  Cretaceous  and  Mississippian  makes  the  time  of 
formation  of  the  cleavage  indefinite,  and  it  is  possible  that  the  latest 
structure  shown  in  these  views  was  produced  during  the  post-Missis- 
^ppian  deformation  noted  above. 
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From  that  time  on  the  region  has  been  land  and  has  been  under- 
going almost  continued  erosion.  The  only  marked  interruption  to 
this  process  was  the  effusion  of  the  recent  basalts,  which  probably 
began  late  in  the  Tertiary  and  extended  down  almost  to  the  present. 
These  effusions  appear  to  have  been  spasmodic  and  to  have  taken 
place  in  a  number  of  separated  areas.  The  lavas  flowed  into  the 
lowlands  of  the  existing  topography  and  by  their  resistance  in  many 
places  have  preserved  these  surfaces  from  further  erosion  until  the 
lavas  themselves  had  been  removed.  It  is  for  this  reason  that  many 
of  the  characters  of  that  old  land  siuface  may  be  determined  by  the 
scattered  patches  which  in  favorable  localities  have  been  preserved 
under  the  lavas. 

While  the  lavas  were  being  poured  out  in  the  lowlands,  erosion 
was  still  active  over  much  of  the  area,  and  the  highlands  were  being 
more  and  more  degraded.  Movements  of  the  earth's  crust  without 
doubt  also  took  place,  but  these  were  broad  regional  uplifts  or  depres- 
sions rather  than  sharp  mountain-producing  flexures. 

After  erosion,  deposition,  and  lava  effusions  had  been  in  progress 
for  some  time,  a  change  ensued  whereby  glaciers  were  formed  in  the 
mountains.  Many  of  these  glaciers  were  large  and  extended  for  con- 
siderable distances  down  the  previously  formed  main  valleys.  So  far 
as  known,  however,  all  of  them  were  distinctly  of  the  valley  type, 
and  they  did  not  form  huge  ice  caps  mantling  all  the  country,  as  did 
some  of  the  now  vanished  ice  sheets  in  the  northern  United  States. 
To  these  ancient  glaciers  must  be  attributed  the  formation  of  many 
of  the  most  prominent  of  the  present-day  erosional  and  depositional 
features. 

Concerning  the  late  geologic  events,  the  following  account  of 
observations  in  southeastern  Seward  Peninsula  ^  gives  a  general  idea 
of  the  conditions  observed  in  the  Noatak-Kobuk  region: 

All  this  tiine  deposits  of  glaciofluviadle,  fluviatile,  and  marine  origin  were  being 
formed  in  the  areas  not  occupied  by  the  ice,  where  the  conditions  were  favorable. 
Lava  flows  may  also  have  occurred  at  this  same  time  in  the  areas  not  occupied  by 
the  ice. 

With  the  close  of  glacial  conditions  oscillations  of  the  crust  similar  to  those  pre- 
ceding the  period  of  glaciation  again  become  evident.  It  is  not  intended  to  imply 
that  these  oscillations  ceased  during  glacial  time,  but  the  evidence  ia  so  obscured 
that  the  movements  were  not  recognized.  The  general  result  of  these  postglacial 
uplifts  has  been  to  raise  the  region  somewhat  above  the  relative  position  it  occupied 
during  the  Pleistocene.  Apparently,  however,  the  sum  of  the  recent  upward  move- 
ments has  not  yet  equaled  the  sum  of  the  earlier  downward  movements,  so  that  the 
floors  of  many  of  the  laiger  streams  are  still  below  sea  level.  The  general  recent 
uplift  is  shown  in  the  rock-walled  shallow  canyons  in  which  many  of  the  streams 
flow. 

Althoug}i  the  later  Tertiary  to  Recent  movements  have  been  described  as  resulting 
in  certain  general  conditions,  it  should  be  distinctly  understood  that  these  move- 

1  Smith,  P.  8.,  and  Eakin,  H.  M.,  op.  oit,  p^  99-100. 
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seste-voe  rach  that  while  depresmon  was  takmg  place  in  one  part  of  the  region, 
i;^  nmy  have  taken  place  in  another.  Hence  it  appears  that  depodts  at  the  same 
•kratioQ  above  or  below  sea  level  are  by  no  means  synchronous  and  may  be  entirely 
3!clated  in  (Higin.  Contemporaneity  of  the  various  deposits  can  only  be  deter- 
mined by  careful  and  detailed  investigationa  of  the  region.  Inaflmuch  as  many  of 
k  proUems  of  economic  importance  are  connected  with  the  correct  correlation  of 
•yt  differsDt  depoaitB,  it  is  necessary  that  such  conelations  should  be  searchingly 
^TSBtigftted  and  not  be  based  on  superficial  examination  or  upon  apparent  similarity 
jfacton  blown  to  be  variable. 

ECONOMIC  OEOIiOQT. 
GBNEBAL  FEATXTBBS. 

The  lai^er  part  of  the  Noatak-Kobuk  region  is  unexplored,  and 
"vea  in  places  that  have  been  visited  by  prospectors  and  miners  little 
i^  reaUy  known  about  the  mineral  resources.  In  spite  of  this  fact 
a^Id  placersy  gold  and  copper  lodes,  and  deposits  of  nonmetalliferous 
Mends,  including  coal,  have  been  found  and  partly  developed. 
These  deposits  occur  in  many  parts  of  the  region  that  have  been 
tudied  by  Survey  geologists.  It  is  proposed  to  set  forth  in  these 
?^es  the  facts  learned  about  the  different  occurrences  and  the 
^gg&tions  and  inferences  drawn  from  them  as  to  the  conditions 
juder  which  the  deposits  were  formed.  It  is  beUeved  that  in  this 
^ay  the  record  will  be  of  service  not  only  in  describing  the  present 
t&tus  of  the  mining  industry  but  also  in  pointing  out  the  places 
^We  further  prospecting  or  exploration  is  likely  to  bring  returns 
^d  in  indicating  areas  that  are  dissimilar  to  the  known  productive 
^ons.  In  this  description  the  northern  part  of  Seward  Peninsula, 
'^eluded  on  the  geologic  map  (PL  II),  will  be  omitted,  for  the  mineral 
Purees  of  that  region  have  already  been  treated  in  a  publication 
'^i  the  Survey  by  Moffit,*  which  should  be  consulted  by  those  iater- 
sted  in  that  district. 

GOLD  PLAOBBS. 

KOBUK  BASIN. 
OSR&AL  OOVDrriOVS. 

Auriferous  gravels  have  been  reported  in  many  parts  of  the  Eobuk 
^>dn,  but  in  only  two  regions  has  there  been  any  notable  production — 
'le  Shungnak  region  in  the  central  part,  and  the  Squirrel  River 
[^on  in  the  western  or  lower  part.  Mining  in  the  Shungnak  region 
'^  been  carried  on  almost  continuously  since  1898,  but  in  the  Squirrel 
^i^er  region  the  discovery  of  placers  was  not  made  until  the  fall  of 
'^9.  There  are  geologic  grounds  for  believing  that  much  of  the 
^&  between  these  two  camps  may  subsequently  prove  to  contain 
^riferous  deposits.    The  economic  conditions  imposed  by  the  geo- 

^^IBt,  F.  H.,  Th0  FairhftTen  gold  plaoen,  Seward  Peninsula,  Alaska:  Bull.  U.  8.  QeoL  Survey  No. 
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graphic  position  of  the  Kobuk  region,  however,  have  exercised  and 
must  always  exercise  a  control  that  will  prevent  working  deposits 
which  in  a  milder  climate  and  in  more  accessible  regions  could  be 
successfully  mined.  Although  it  is  probable  that  the  present  high 
costs  may  be  in  part  decreased  as  the  region  becomes  more  opened 
up,  the  long  distances  that  supplies  must  be  carried,  the  frequent 
handling  of  freight  required,  and  the  short  season  available  for  water 
transportation  and  surface  mining  are  unavoidable. 

The  general  geologic  conditions  ia  both  the  Shungnak  and  Squirrel 
River  regions  are  similar.  In  the  former  region  glaciation  was  much 
more  pronounced  in  the  past  and  it  undoubtedly  affected  placer 
accumulations  to  a  more  marked  extent.  The  area  of  the  more 
mineralized  rocks  is  less  in  the  Shungnak  region,  but  the  lower  part 
of  the  Squirrel  River  region  is  more  extensively  covered  with  outwash 
deposits.  At  both  localities  the  gold  in  the  placers  appears  to  be 
near  its  bedrock  source  and  seems  not  to  have  been  transported  far. 
As  a  result  the  rich  ground  is  more  or  less  irregularly  distributed  and 
the  tenor  ranges  witlun  wide  extremes. 

bhttvonab:  bboion. 

The  maia  placer  developments  in  the  Shungnak  region  are  on 
those  streams  heading  in  or  flowing  through  the  Cosmos  HiUs,  namely, 
Dahl  Creek;  Riley  Creek,  a  tributary  of  Kogoluktuk  River;  and 
Shungnak  River.  When  visited  in  1910  there  were  only  10  to  12 
miners  in  the  whole  region,  so  that  the  production  was  small. 
Although  no  accurate  statistics  are  available  as  to  the  production, 
it  is  doubtful  whether  $100,000  in  gold  has  been  taken  from  the 
placers  ia  the  10  to  15  years  that  they  have  been  worked. 

DAHL  CREEK. 

Dahl  Creek  is  a  stream  8  miles  long,  the  lower  3  miles  or  so  of  its 
course  beiag  through  the  Kobuk  lowland,  the  middle  2  to  3  miles  in 
a  narrow  rocky  gorge,  and  the  upper  mile  or  two  in  a  rather  open 
valley.  The  placers  that  have  been  worked  are  located  near  the 
southern  face  of  the  Cosmos  Hills  and  in  the  central  part  of  the 
valley,  where  the  junction  of  three  small  streams  with  Dahl  Creek 
has  made  a  small  flat.  During  the  time  that  the  Survey  party  was 
in  the  region  no  work  was  in  progress  on  any  of  these  claims,  but 
mining  had  been  carried  on  earlier  ia  the  season  at  both  places,  and 
had  been  in  progress  for  several  years  in  the  past. 

The  bedrock  under  the  unconsolidated  deposits  here  is  black  slate 
and  schist  with  numerous  small  veins  of  quartz  and  in  places  some 
sulphide  mineralization.  The  bedrock  breaks  into  rectangular  blocks 
of  small  size  and  the  joiat  faces  are  commonly  iron-stained.    The 
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dnaDt  strike  is  across  the  creek,  and  thus  the  rocks  make  good 
ries  for  catching  the  gold.  The  slope  of  the  bedrock  surface  is 
tlier  low,  so  that  some  difficulty  is  experienced  in  disposing  of  the 
sjliogs  from  mining.  Near  the  lower  group  of  claims  schistose  con- 
iwenib  outcrops  but  does  not  form  bedrock  under  the  productive 
iittrs.  Limestone  occurs  near  the  placer  ground  in  the  middle  part 
:'Dahl  Creek,  but  although  float  from  this  rock  is  found  in  the 
Tarels  it  does  not  come  down  as  far  as  the  creek  and  does  not  form 
!^T  of  the  surface  on  which  gravel  accumulation  took  place.  Igneous 
'ks  of  a  dense  texture  and  greenish,  glassy  color  were  noted  upstream 
rm  the  placers,  but  though  these  rocks  have  furnished  many  of  the 
•flders  in  the  placers,  they  do  not  seem  to  have  been  connected 
r:i  the  mineralization  and  did  not  contribute  valuable  minerals  to 
^placers. 

Only  the  creek  gravels  have  been  mined  on  Dahl  Creek.  These 
'T^nge  about  4  feet  thick.  In  some  places  their  thickness  is  only  a 
>)t  or  so,  but  in  others  it  is  as  much  as  8  feet.  Holes  sunk  on  some 
^  the  low  benches  on  either  side  of  the  stream  have  shown  unconsoli- 
^H  deposits  15  feet  thick.  Practically  none  of  the  stream  gravels 
Lii  permanently  frozen,  but  some  of  the  low  benches  that  have  been 
?^jspected  are  reported  to  be  in  that  condition. 
ITie  gravels  in  the  productive  placers  are  of  the  normal  creek  type, 
'listing  of  well-rounded  pebbles  with  only  a  small  amount  of  muck. 
^,  somewhat  angular  bowlders,  most  of  which  are  of  local  deri- 
^tioii,  are  numerous  in  the  gravels  and  cause  a  good  deal  of  trouble 
^  the  mining  operations.  One  of  these  large  bowlders  a  short  dis- 
^ce  below  the  placers,  near  the  southern  face  of  the  Cosmos  Hills, 
<^ured  14  feet  in  length.  It  was  made  of  the  sheared  conglomerate 
•^•ihad  not  been  transported  far.  Many  smaller  bowlders  occur 
^^tly  in  the  pay  gravels,  however,  and  it  has  been  necessary  to 
^t  them  out  of  the  way. 

The  pay  gravels  differ  in  no  essential  respect  from  the  overburden. 
^^y  are  usually  from  1  to  2  feet  in  thickness  and  practically  all  the 
^^i  Kes  in  and  on  the  bedrock.  The  distribution  of  the  auriferous 
^Tela  is  very  irregular  and  it  has  been  impossible  to  successfully 
^^  any  continuous  pay  streak.  The  gold  occurs  in  pockets, 
%h,  when  exhaused,  give  no  clue  as  to  their  relation  to  other  rich 
^^-  Such  a  distribution  seems  to  indicate  that  valuable  minerals 
••fe  either  laid  down  more  or  less  evenly  and  then  dispersed  by  a 
-■^^e  in  the  discharge  of  the  creek  or  else  that  the  gold  was  origi- 
%  deposited  by  a  stream  having  strong  variations  in  transporting 


Owing  to  the  irregular  distribution  of  the  gold  the  value  per  cubic 
'^  ^  of  almost  no  significance,     When  a  rich  spot  is  found  several 
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hundred  dollars  may  be  taken  out  in  a  few  days,  but  at  other  times 
only  a  dollar  or  so  a  day  can  be  made.  Figures  for  the  total  produc- 
tion are  also  unsatisfactory,  but  they  give  a  more  accurate  estimate 
of  the  value  of  the  ground.  The  returns  are  not  complete  and  prob- 
ably exaggerate  the  amoimt  of  gold  recovered,  but  they  are  an  indi- 
cation of  the  size  and  present  importance  of  the  creek.  According 
to  the  returns  of  the  miners,  in  no  year  has  Dahl  Creek  produced 
more  than  $10,000,  and  probably  half  this  amount  is  nearer  a  correct 
estimate  for  the  average  production  during  the  past  six  years.  If 
this  assumption  is  correct,  not  over  $30,000  has  been  taken  from 
this  creek  since  its  discovery. 

Only  a  small  amount  of  Dahl  Creek  gold  was  studied,  so  that  a  full 
description  is  not  available.  The  gold  examined  from  the  upstream 
group  of  placers  was  reddish  to  brass-yellow  in  color.  The  pieces 
were  small  and  some  were  distinctly  spongy  and  had  fairly  sharp 
outlines,  as  though  they  had  not  been  transported  far  from  their 
place  of  origin.  Some  wire  gold  was  also  seen  but  was  notably  rare. 
Nuggets  of  considerable  size  have  also  been  found  in  this  part  of 
Dahl  Creek.  One  of  these  was  seen  that  had  a  gold  content  worth 
about  $66.  It  was  a  fairly  well-worn  piece  and  had  a  considerable 
amount  of  greasy-looking  milky  quartz  attached.  In  1911  a  large 
flat  piece  of  gold  worth  over  $60Q  was  found  near  this  place.  Assays 
are  reported  to  have  shown  the  gold  to  be  worth  about  $16.20  an 
ounce. 

Among  the  concentrates  from  Dahl  Creek  placers  magnetite  is  the 
most  abundant  mineral.  There  is  also  a  small  amount  of  chromite, 
some  of  the  pieces  being  a  foot  or  so  in  diameter.  Garnets  are  almost 
entirely  absent.  The  occurrence  of  native  silver  in  the  concentrates 
has  been  reported  and  pieces  nearly  an  inch  in  diameter  have  been 
examined.  The  silver  seems  to  be  particularly  free  from  admixture 
with  other  metallic  minerals,  such  as  copper  or  lead;  a  smaU  amount 
of  cadmium,  however,  was  recognized  by  blowpipe  examination. 
No  evidence  was  secured  as  to  the  source  from  which  the  silver  was 
derived. 

Mining  is  carried  on  by  pick-and-shovel  methods  and  the  gold  is 
won  by  passing  the  gravels  through  sluice  boxes  of  whipsawed  lum- 
ber. Owing  to  the  high  transportation  charges  machineiy  would  be 
expensive  to  install,  and  owing  to  the  character  of  the  gravels  and 
their  tenor  few  mechanical  devices  could  be  successfully  operated. 
Short  ditches  provide  the  necessary  head  for  sluicing,  and  there  is 
almost  always  sufficient  water  to  meet  the  demand. 

From  the  physical  features  of  the  gold  and  the  distribution  and 
other  characters  of  the  auriferous  alluvium  it  seems  probable  that  the 
gold  has  been  derived  from  places  within  the  Dahl  Creek  basin,  espe- 
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(ullj  from  the  areas  occupied  bj  the  black  slates  aiul  schists.  It  is 
iAsved  that  the  source  of  the  mineralization  is  the  quartz  veins, 
fiiich  are  so  abundant  in  this  formation. 

Some  prospect  holes  have  been  sunk  near  Dahl  Creek  close  to  the 
southern  front  of  the  Cosmos  Hills  or  the  northern  margin  of  the 
Kobak  lowlaaid.  The  returns  have,  however,  been  insufficient  to 
Tutant  development  and  the  holes  have  been  allowed  to  cave,  so 
iiAt  it  was  impossible  to  examine  a  section  of  the  gravels.  It  was 
reported  by  prospectors  that  the  bedrock  surface  slopes  southward 
u  a  high  angle  belpw  the  lower  cabins,  so  that  shafts  even  40  feet 
deep  failed  to  reach  bedrock.  In  this  lower  part  of  Dahl  Creek  the 
stream  flows  through  the  unconsolidated  deposits  of  the  Kobuk  low- 
luid.  The  absence  of  any  shallow  placers  in  this  part  of  its  coiirse 
seems  to  indicate  that  the  upper  part  of  the  gravels  of  the  lowland 
irea  does  not  contain  sufficient  gold  to  form  economic  deposits  where 
subjected  to  the  sorting  of  such  streams  as  Dahl  Creek. 

Sparsely  disseminated  colors  of  gold  have  been  reported  from  many 
parts  of  the  Kogoluktuk  basin,  but  the  only  stream  on  which  placers 
bave  been  mined  is  Riley  Creek.  This  is  a  tributary  from  the  west, 
tuiading  against  the  Dahl  Creek  divide  and  flowiog  first  north,  then 
^t,  to  join  the  Kogoluktuk.  Placer  ground  has  been  mined  in  a 
desultory  way  by  parties  of  one  to  three  men  on  the  headwaters  of 
^  stream  since  1908.  Mining  was  in  progress  here  when  the  region 
vas  visited  by  members  of  the  Survey  in  the  early  part  of  August, 
^^10,  but  soon  afterwards  was  abandoned  for  the  season. 

The  placers  occur  in  a  region  of  black  slates,  limestones,  and  a  few 
i&tTusive  igneous  rocks.  The  bedrock  is  similar  to  that  of  the  placers 
on  Dahl  Creek,  except  that  limestones  are  much  more  numerous. 
Evidences  of  deformation  and  dislocation  are  pronounced  and  the 
stratigraphic  succession  of  the  rocks  has  not  been  determined. 
Quarto  veins  in  the  black  slates  that  form^  the  bedrock  imder  the 
ground  that  has  been  worked  are  particularly  numerous  and  are 
^lieved  to  be  closely  associated  with  the  formation  of  the  pro* 
doctive  placers. 

In  the  placers  typical  stream  gravels  are  practically  absent.  Sco- 
rns show  angular  slide  and  slightly  worn  unconsoUdated  deposits 
of  local  origin  in  which  are  irregularly  distributed  bowlders  from 
outside  basins.  Most  of  these  foreign  bowlders  are  of  large  size  and 
^e  mainly  of  igneous  rocks  belonging  to  the  greenstones  and  asso- 
ciated types.  They  are  usually  well  worn  and  probably  have  been 
Wught  into  their  present  position  by  the  combined  action  of  ice 
^d  water  during  the  closing  stages  of  the  glaciation  of  the  lowland 

31*>— Bull.  636—13 ^9 
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north  of  the  Coemos  Hills.  Although  these  greenstone  bowlders  are 
found  m  the  placers,  they  are  in  no  way  connected  with  the  origin 
of  the  gold,  and  their  distribution,  except  as  marking  former  glacio- 
fluyiatile«conditions,  is  of  no  economic  significance. 

The  gold  occurs  mainly  in  the  crevices  of  the  bedrock  and  in  the 
angular  unconsolidated  material  lying  on  top  of  the  bedrock.  In  the 
part  of  the  deposit  that  is  mined  lai^e  bowlders  are  less  numerous 
than  in  the  upper  2  or  3  feet,  but  there  are  many  bowlders  even  ui 
the  pay  streak.  The  whole  character  of  the  materlfd  in  which  the 
gold  is  found  is  more  like  that  of  residual  placers  than  of  ordinary 
creek  placers. 

The  slight  amoimt  of  transportation  that  the  auriferous  material 
has  undergone  is  ako  indicated  by  the  shape  and  quaUty  of  the 
gold.  Practically  all  the  pieces  examined  were  sharp  and  angular 
and  many  had  small  particles  of  quartz  attached.  No  large  nug- 
gets have  been  reported  from  these  claims.  Pieces  worth  up  to  50 
cents  were  seen,  and  a  few  worth  as  much  as  $2  to  S3  were  repotted. 
The  gold  was  bright  and  in  an  average  sample  the  pieces  were  worth 
from  one-tenth  cent  to  2  cents  each.  The  individual  particles  are 
spongy  and  consequently  appear  to  one  used  to  the  usual  run  of 
placer  gold  to  be  worth  much  more  than  is  actually  the  case.  The 
precise  assay  value  of  the  gold  was  not  learned,  but  it  was  understood 
to  be  about  $16.25  an  ounce. 

Accurate  estimates  of  the  total  production  are  not  available,  but 
from  the  amount  of  ground  that  has  been  mined  during  the  past 
three  years  and  its  reported  tenor  it  is  believed  that  not  much  more 
than  a  thousand  dollars  a  year  in  gold  has  been  won. 

Mining  costs  are  high  and  the  Riley  Creek  placers  are  unfavorably 
situated  for  economic  development.  The  two  greatest  obstacles  to 
cheap  mining  are  absence  of  a  sufficient  water  supply  and  the  pres- 
ence of  large  bowlders.  The  latter  trouble,  however,  is  not  so  seri- 
ous as  the  lack  of  water,  for  few  of  the  bowlders  are  so  large  that 
they  can  not  be  rolled  out  of  the  way  by  hand  or  be  gotten  rid  of 
by  undermining.  Practically  the  only  water  available  is  derived 
from  the  melting  snow  on  the  north-facing  slope  of  the  Dahl-Biley 
creek  divide.  Furrows  parallel  with  the  contour  have  been  dug  on 
the  hiU  slope  to  collect  the  surface  and  shallow  seepage  water  formed 
from  the  melting  snow  banks.  From  these  furrows  the  water  is 
led  down  the  hillside  and  impounded  behind  a  sod  dam,  whence  it 
is  led  by  a  short  ditch  and  hydraulic  hose  to  the  sluice  boxes.  So 
slow  is  the  collection  of  water  that  under  favorable  conditions  it 
takes  about  3^  hours  to  collect  enough  for  1^  hours  sluicing.  No 
water,  of  course,  can  be  wasted  for  groimdsluicing.  Even  shoveling 
into  the  sluice  boxes  can  only  be  carried  on  for  four  or  five  periods  a 
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iij.  During  wet  weather,  of  course,  the  reserroir  fills  up  more 
jfvSfy  and  «o  relatively  longer  periods  of  sluicing  are  possible. 

After  the  period  of  sluicing  and  while  the  dam  is  refilling  the 
mets  are  busy  cleaning  away  the  large  bowlders  and  getting 
^errthing  in  readiness  for  the  next  time  that  the  water  can  be 
rimed  on.  The  large  bowlders  are  not  cleaned  but  are  simply 
roDed  onto  the  already  worked  out  part  of  the  claim.  In  order  to 
se  the  water  effectively,  the  sluice  boxes  are  made  only  about  half 
ie  ordinary  width  and  were  formerly  set  on  a  pitch  of  1  inch  in  12 
nches.    Subsequently,  however,  a  pitch  of  1  to  15  was  adopted. 

The  Riley  Creek  placers  that  have  been  worked  seem  to  derive 
iieir  gold  content  from  the  rocks  exposed  in  the  inmiediate  vicinity. 
Iliej  are  so  situated  that  they  have  no  adequate  water  supply  and 
bowlders  are  so  numerous  that  the  placer  can  be  developed  only  at 
^t  expense.  Farther  downstream,  where  the  water  supply  might 
Biore  nearly  meet  the  demands,  the  presence  of  thicker  overlying 
lq)ositB  and  large  bowlders  is  to  be  expected.  The  absence  of  espe- 
My  effective  sorting  in  this  part  of  the  basin  suggests  that  placers 
^  be  of  distinctly  local  importance.  The  whole  Kogoluktuk  basin, 
i'^far  as  indicated  by  the  conditions  on  Riley  Creek,  seems  to  promise 
'dy  localized  placers  of  irregular  distribution,  workable  as  pockets 
^ther  than  as  extensive  deposits. 

BHXmONAK  RIYBB. 

Placer  mining  on  Shungnak  River  has  been  carried  on  for  a  mile 
^'T  so  below  the  narrow  canyon  by  which  this  stream  traverses  tfie 
^mios  Hills.  Work  has  been  in  progress  here  during  the  open  sea- 
'^^  almost  uninterruptedly  since  1898.  Only  two  or  three  parties  of 
^  or  four  men  each  have  attempted  mining  during  any  year,  and 
^  1910  only  one  placer  camp  of  one  white  man  and  two  or  three 
i»4tive8  was  in  operation.  The  use  of  native  labor  is  an  interesting 
experiment  and,  although  it  is  reported  that  white  men  can  do  more 
^ork,  the  wages  paid  the  natives  (about  $4  a  day  and  board)  are  so 
^ch  lower  that  the  difference  in  efficiency  ia  compensated  for. 

Bedrock  in  the  productive  part  of  the  river  is  mainly  black  slate 
^hist,  but  other  sedimentary  and  igneous  rocks  occur  at  no  con- 
-^erable  distance  from  the  placers.  Limestones  occur  near  the  head 
'^northern  end  of  the  canyon,  but  are  not  closely  associated  with  the 
^^fmts  of  auriferous  alluvium.  The  igneous  rocks  near  the  placer 
^ea  are  composed  mainly  of  serpentine  with  scattered  particles  of 
'petite  and  are  of  a  dark-green  color.  These  rocks  have  been 
"^metimes  mistaken  for  j  ade,  and  it  is  probably  owing  to  this  error  that 
whites  have  reported  the  name  ''Shungnak"  to  mean  ''jade"  in 
dative  language. 
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Most  of  the  mining  has  been  done  near  the  southern  face  of  the 
Cosmos  Hills,  where  small  flats  permit  turning  the  stream  aside  by 
wing  dams.  The  gravels  mined  are  usually  shallow.  The  upper  two 
feet  or  so  is  stripped  off  and  the  lower  part  only  is  put  throu^  the 
sluice  boxes.  The  overburden  is  made  up  of  typical  river  gravels 
with  some  large  bowlders  irregularly  distributed  throughout.  It  is 
not  known  whether  the  valley  of  Shungnak  River  through  the  Cosmos 
Hills  was  at  one  time  occupied  by  ice,  but  it  is  certain  that  glacially 
eroded  and  transported  bowlders  have  been  brought  in  by  glacio- 
fluviatile  action  and  form  part  of  the  reworked  material  of  the 
unconsolidated  deposits. 

The  pay  gravels  are  rather  irregularly  distributed  and  mming 
therefore  has  been  in  the  nature  of  pocket  hunting  in  those  places 
where  the  water  could  be  handled.  The  gravels  are  unfrozen  and  in 
a  measure  this  is  a  disadvantage,  as  much  water  seeps  into  the  pits. 
During  high  water  the  miners  are  sometimes  driven  out  of  the  work- 
ings. The  gold  is  found  in  the  lower  part  of  the  unconsolidated 
deposits  and  in  the  crevices  of  bedrock,  especially  where  it  is  black 
slate. 

Most  of  the  gold  found  in  the  placers  of  the  Shungnak  is  in  small 
pieces  worth  from  one-half  cent  to  3  cents,  but  nuggets  worth  up  to 
about  $40  have  been  found,  although  they  are  by  no  means  numerous. 
The  gold  is  reddish,  and  although  not  rusty  it  is  not  bright  and  shiny 
but  has  a  dead  luster.  Its  assay  value  is  reported  to  be  $16.70  an 
oimce.  The  form  of  the  gold  is  very  characteristic  and  is  distinct 
from  that  of  the  gold  from  any  other  part  of  the  Shimgnak  region. 
The  little  pieces  look  like  shot  that  have  been  flattened  under  the 
hammer,  and  this  form  is  sometimes  spoken  of  by  the  prospectors  as 
'^pumpkin  seed"  gold. 

Magnetite  is  by  far  the  most  abundant  mineral  among  the  con- 
centrates collected  with  the  gold  and  is  probably  derived  from  the 
basic  intrusive  'dikes  which  cut  the  metamorphic  rocks.  Garnet,  or 
so-called  ''ruby,"  is  almost  entirely  absent  from  the  gravels.  Small 
nuggets  of  copper  and  also  of  silver  are  sometimes  found  in  the  sluice 
boxes.  Some  of  the  silver  nuggets  are  nearly  an  inch  in  diameter 
and  contain  but  very  small  amounts  of  other  metals  as  impurities. 
No  clue  as  to  the  origin  of  the  silver  was  obtained,  but  the  copper 
nuggets  were  probably  derived  from  the  copper  sulphide  impregnated 
zone  near  the  limestone-schist  contact,  an  example  of  which  will  be 
described  in  more  detail  on  pages  147-150. 

Statistics  of  the  production  from  the  Shungnak  River  placers  have 
not  been  kept  and  estimates  prepared  by  interested  parties  are  not 
reliable.  It  is  improbable  that  the  annual  production  amounts  to 
more  than  a  few  thousand  dollars  in  gold,  and  a  liberal  figure  for  the 
total  production  from  this  river  would  not  be  more  than  $50,000. 
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■avzBmxL  Bivn  bsozov. 

DBTXLOPlfBNT. 

Hie  developments  in  the  Squirrel  Biver  region  have  been  small, 
ud  although  gold  prospects  are  said  to  have  been  found  on  eight  to 
>Q  tributaries,  when  the  region  was  visited  in  1910  mining  was  in 
:.T)gre8s  on  only  one  of  the  streams,  namely,  Klery  Creek.  That  this 
ithe  only  place  where  productive  placer  exists  is  improbable,  for 
editions  analogous  to  those  on  Klery  Creek  are  reported  at  sev- 
-ral  other  places  in  the  Squirrel  River  basin.  With  further  prospect- 
2g  other  valuable  placers  will  undoubtedly  be  f oimd.  There  is,  how- 
ver,  the  strong  tendency  of  prospectors  to  hold  ground  on  a  proved 
reek  and  to  prospect  the  adjacent  areas  only  when  driven  to  it  by 
he  exhaustion  of  the  known  ground  or  the  inability  to  secure  claims 
Q  the  desired  creek. 

At  the  time  the  region  was  visited  by  the  Survey  geologist  not  over 
'''men  were  at  work,  and  about  a  third  of  this  number  were  employed 
3  one  claim.  Capital  had  not  taken  hold  of  tlie  region  and  there 
Tw  few  opportunities  to  work  for  wages;  consequently  the  camps 
'^re  run  on  a  partnership  basis  and  few  of  the  men  were  equipped 
Tith  the  supplies  necessary  to  carry  them  for  a  year  or  so  of  unpro- 
ductive labor,  such  as  that  involved  in  building  drains  for  opening  up 
^property.  Wages  were  said  to  be  $7.50  a  day  and  board  for  ordinary 
niiners,  but  as  there  was  only  one  company  employing  men  and  as 
liiat  company  was  able  to  obtain  all  the  help  it  needed  at  S5  a  day 
lite  above  figures  are  more  or  less  fictitious.  Though  the  labor  con- 
litions  wiQ  undoubtedly  change  if  the  camp  proves  successful  per- 
^"ns  should  be  warned  against  going  to  Squirrel  River  if  they  have 
lothing  but  wages  to  depend  upon.  In  1910  there  was  no  chance  of 
•mployment  for  more  than  a  few  men,  and  without  suppUes  or  funds 
*Qy  venture  would  be  unsuccessful. 

Furthermore,  the  usual  wholesale  staking  of  the  region  has  tied  up 
^uch  of  the  available  ground,  so  that  unless  the  prospector  goes 
^me  distance  from  the  productive  creeks  his  chance  of  obtaining  a 
laim  by  original  location  is  slight.  One  is  compelled  to  go  a  con- 
^erable  distance  from  the  proved  ground  or  else  buy  or  obtain  a 
^y  on  a  recorded  claim.  Any  of  these  choices  entails  additional 
••^pense,  which  the  prospector  should  be  prepared  to  meet.  The 
^Vstness  of  the  system  is  well  shown  on  Klery  Creek,  where  64 
laima  have  been  recorded  above  the  Discovery  claim  and  at  least 
*^  below  that  point,  and  yet  there  is  no  work  being  done  on  more 
^u  ten  of  the  claims  and  of  these  probably  not  more  than  four  or  five 
l^^^dviced  a  thousand  dollars  during  1910.  This  statement  is  not 
^tended  to  discourage  prospecting  but  only  to  point  out  the  small 
^o\int  of  work  really  in  progress. 
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The  sketch  map  shown  in  Plate  XV,  compiled  mainly  from  repoi* 
of  prospectors^  shows  the  eastern  part  of  the  Squirrel  River  b; 
Although  it  has  not  the  same  d^ree  of  accuracy  as  the  other 
accompanying  this  report,  it  shows  the  general  arrangement  of  iyk) 
streams,  the  approximate  distance  and  direction  between  places,  ctix 
the  areas  where  auriferous  gravels  have  been  discovered. 

ORBBX  PLAOBBfl. 

Description  of  operations. — Klery  Creek  was  the  only  stream  0:1 
which  mining  was  in  progress  in  1910,  and  as  two  or  three  claims  01 
this  stream  were  seen  in  detail  a  description  of  its  placers  will  l>< 
given.  It  should  be  borne  in  mind  that  the  general  conditions  & 
the  placers  where  mining  is  being  done  are  likely  to  be  the  same  a. 
similar  places  throughout  the  field,  so  that  the  facts  learned  bj 
mining  on  One  claim  are  helpful  in  the  understanding  of  \mpros< 
pected  ground. 

The  most  active  work  was  in  progress  near  the  mouth  of  a  sma.lj 
tributary,  Jack  Creek,  a  short  distance  above  the  Discovery  claixo. 
At  this  place  there  is  a  rock-cut  gorge  with  a  gravel-covered  floor 
about  150  yards  wide.    On  this  floor  the  stream  formerly  followed  the 
eastern  side,  but  in  order  to  allow  mining  the  stream  was  turned  to 
the  other  side  by  a  roughly  constructed  dam.    Owing  to  the  excep- 
tionally rainy  season  of  1910  the  stream  was  abnormally  high,  and 
three  times  during  the  summer  the  dams  were  completely  washed 
away  by  the  floods,  some  of  the  sluice  boxes  with  the  gold  in  thera 
being  recovered  only  with  difficulty.    The  upper  12  to  18  inches  of 
gravel  in  the  bed  where  the  stream  has  been  turned  aside  is  removed 
by  shoveling  and  the  larger  bowlders  are  either  rolled  behind  the 
miners  onto  worked-out  ground  or  are  pulled  out  of  the  way  by  a 
team  of  horses.    This  stripping  is  done  rapidly  and  is  carried  down 
to  a  point  where  the  gravels  show  some  ** sediment"  or  fine  mud 
that  coats  the  well  water  rounded  pebbles  and  fills  the  interstices. 
None  of  this  surface  material  is  put  through  the  sluice  boxes,  as 
repeated  experiment  has  shown  that  it  contains  practically  no  gold. 
Between  the  upper  foot  or  foot  and  a  half  of  gravel  that  is  stripped 
off  and  bedrock  is  a  foot  to  a  foot  and  a  half  of  gravel  in  which  gold 
i3  obtained.    These  gravels  are  typical  river  wash,  but  have  been  less 
recently  handled  by  the  stream  than  those  above  them.    The  lower 
gravels,  together  with  the  upper  6  inches  to  1  foot  of  disintegrated 
bedrock,  are  put  through  the  sluice  boxes  and  it  is  from  them  that 
the  gold  is  won. 

Bedrock  on  this  claim  is  mostly  schist,  but  on  the  lower  end  of  the 
claim  and  continuing  downstream  on  the  next  adjacent  claim  is 
a  massive,  much-fractured,  and  contorted  bluish-white  limestone 
standing  at  a  high  angle  and  cutting  the  cr-^  ^"  '       "tersely.    The 
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Idast  shows  many  difFerent  phases  on  the  working  claim.  In  part 
:  B  a  dark  graphitic  slaty  schist  with  numerous  small  veins  and 
jtringere  of  quartz.  The  bands  of  this  schist  are  not  more  than  a 
m  feet  in  thickness  and  are  interlaminated  with  somewhat  cal- 
.'tfcous  and  quartzoee  schists,  some  of  which  are  rusty  yellow  in  color 
ifing  to  the  decomposition  of  some  of  their  constituents.  The  iron 
iineral  from  which  this  limonite  had  been  derived  could  not  be 
iftennined,  but  it  was  probably  in  part  pyrite.  In  at  least  one  place 
•a  the  claim  a  narrow  band  of  limestone  interlaminated  with  the 
iehist  was  seen.  From  this  description  of  the  bedrock  it  is  evident 
tat  lithologically  the  rocks  are  similar  to  those  in  the  richer  parts  of 
i^  Nome  region,  in  the  Iron  Creek  basin,  in  the  Kougarok,  on  Ophir 
md  Mdaing  creeks  near  Cotmcil,  in  the  Solomon  and  Casadepaga 
r^Ds,  and  near  Bluff.  This  resemblance  is  further  strengthened 
?  the  relation  of  the  schists  to  the  heavy  bluish-white  limestones 
K  all  these  places. 

Several  hundred  ounces  of  gold  from  tins  claim  were  examined  and 
J^  coarBeneas  of  the  pieces  was  remarkable.  Practically  no  fine 
rAd  was  found  and  few  if  any  pieces  of  the  gold  recovered  were  worth 
less  than  one-half  cent.  Several  nuggets  worth  S25  to  S50  have  been 
^d,  and  while  the  writer  was  on  the  ground  one  nugget  weighing 
setrly  7  ounces  and  worth  about  SI 25  was  picked  up  in  the  gravel. 
lufonn  the  gold  from  this  claim  is  chunky  or  in  nuggets,  but  a  Uttle 
^  gold  was  also  seen,  though  no  flaky  or  scaly  gold  was  observed. 
^  gold  is  dark,  but  almost  never  black,  and  shows  few  signs  of  recent 
iDoyement.  Although  some  of  the  comers  have  been  rounded,  it 
ioe&not  in  general  appear  to  have  traveled  far.  In  fact,  many  pieces 
tte  sharp  and  angular  as  though  but  recently  unlocked  from  the 
^tfmt  ledge.  Some  of  the  nuggets  have  pieces  of  the  country  rock 
'tOl  adhering  to  them.  The  most  abundant  mineral  attached  to  the 
p\A  is  quartz  of  the  same  physical  aspect  as  the  quartz  in  the  strings 
^i  lenses  in  the  schist.  Black  graphitic  slaty  schist  is  also  attached 
|o  the  gold  in  some  of  the  specimens,  and  the  way  in  which  the  gold 
lonns  iSlaments  in  this  rock  shows  indisputably  that  some  of  the 
placer  gold  has  been  derived  from  this  kind  of  country  rock. 
I  Gstimates  of  the  productiveness  of  this  ground  are  of  small  value, 
'^f  the  nuggety  character  of  the  gold  makes  the  tenor  range  between 
^de  limits.  It  is  reported  that  over  190  ounces  were  cleaned  up 
^m  about  six  box  lengths  shortly  before  the  visit  by  the  Survey 
Nc^t.  At  the  time  of  the  writer's  visit  a  clean-up  of  120  ounces 
^^  made  from  about  4i  box  lengths.  This  is  equal  to  a  bedrock 
^&ce  of  about  500  square  feet,  so  the  production  from  this  cut  was 
dearly  $4.50  per  square  foot  of  bedrock.  As  a  working  force  of  15 
^^  Were  able  to  strip  and  shovel  into  sluice  boxes  this  amount  of 
pound  in  a  little  over  a  day,  it  is  evident  that  this  work  is  immensely 
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profitable.  The  width  of  the  pay  streak  is  not  known,  for  when  tliti 
claim  was  visited  all  the  work  had  been  done  only  on  the  easteni 
side  and  the  western  margin  of  the  productive  ground  had  not  been 
reached. 

Water  for  sluicing  is  obtained  from  Klery  Creek  by  running  a 
hydraulic  hose  several  himdred  feet  upstream  and  bringing  down 
the  water  thus  obtained  on  as  flat  a  grade  as  can  be  maintained. 
This  supply,  however,  does  not  furnish  an  adequate  head,  so  that 
some  other  method  wUl  have  to  be  tried.  But  slight  difficulty  should 
be  experienced  in  obtaining  a  satisfactory  supply,  as  the  volume  is 
ample  for  the  present  demands.  No  accurate  measurements  of  the 
volume  of  Klery  Creek  were  made,  but  the  fact  that  a  crossing,  even 
on  a  riffle,  could  not  be  made  in  less  than  2^  feet  of  water,  in  a  cur- 
rent of  such  speed  that  care  had  to  be  taken  hi  keeping  one's  feet, 
shows  that  several  thousand  miner's  niches  are  probably  available 
during  a  season  such  as  1910.  It  should  be  noted,  however,  that 
that  year  was  abnormally  wet  and  estimates  based  on  observations 
during  that  time  are  undoubtedly  above  the  average. 

Few  assays  have  been  made  of  gold  from  this  claim,  but  on  a  sam- 
ple submitted  to  the  assayer  of  the  Nome  Bank  &  Trust  Co.  a  fine- 
ness of  0.888^  was  determined.  This  would  give  a  value  of  S18.37 
an  oxmce. 

In  the  concentrates  collected  with  the  gold  in  the  sluice  boxes 
magnetite  is  the  most  abundant  mineral.  This  forms  a  much 
larger  proportion  of  the  concentrates  than  it  does  aroimd  Nome. 
Together  with  the  magnetite  is  also  some  ilmenite  and  a  little  pyrite 
and  limonite.  These  iron  minerals  are  probably  derived  mainly  from 
the  greenstones  and  greenstone  schists,  although  the  pyrite  and  its 
accompanying  limonite  may  have  come  from  veins  in  the  schists  or 
from  the  vicinity  of  the  limestone-schist  contact,  a  place  commonly 
mineralized  hi  other  regions.  Garnet  or  so-called  ruby,  common 
in  the  concentrates  from  Seward  Peninsula,  is  relatively  rare  and 
forms  but  a  small  proportion  of  the  black  sand.  This  mineral  is 
absent  in  the  adjacent  schists  derived  from  igneous  and  sedimen- 
tary rocks.  None  of  the  rare  heavy  minerals  so  far  have  been  recog- 
nized in  the  concentrates. 

About  1}  miles  upstream  from  this  claim  is  another  claim  where 
gold  similar  in  physical  character  has  been  found.  Work  on  this 
groimd  has  been  carried  on  by  a  crew  of  only  four  men  and  consisted 
mainly  ui  dam  building  and  bringing  up  a  bedrock  drain,  so  that 
only  a  small  production  had  been  made  and  the  opportunity  of 
examining  a  large  amount  of  gold  was  not  afforded.  It  seems  cer- 
tain, however,  that  the  gold  from  this  claim  is  of  the  same  chunky 
character  as  on  the  lower  claim,  although  the  proportion  of  fine  gold 
is  larger  and  the  ntiggets,  as  a  rule,  weigh  less.    From  the  shape  of 
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zfgM  it  IS  believed  that  it  has  been  derived  from  near-by  sources 
iadiud  not  traveled  far. 

IGdway  between  these  two  claims  the  gold  is  of  an  entirely  dif- 
•ftst  character,  althoo^  the  general  geolc^  shows  no  marked 
.joge,  except  that  the  limestone  is  more  remote  and  the  canyon 
::tfacter  of  the  valley  is  more  pronounced.  The  gold  from  this 
iim  is  practically  all  in  fine  bright  scales.  No  nuggets  worth  more 
:iQ  a  few  cents  each  have  been  recovered,  though  several  hundred 
jjlUn'  worth  of  gold  has  been  won.  The  scales  are  all  more  or 
*?«  of  the  same  size,  no  flour  gold  being  seen.  All  of  the  flakes  are 
i  &  bright  gold  color  with  no  tarnished  nor  black  coating.  No 
:«ces  with  quartz  or  other  foreign  material  attached  were  seen. 
This  gold  was  of  the  type  locally  known  to  the  miners  as  ''bar" 
M  and  showed  by  its  physical  characters  that  it  has  traveled 
^ch  farther  from  the  ledge  from  which  it  was  derived  than  that 
Mind  either  upstream  or  downstream  from  this  place. 
Gold  similar  to  this  ''.bar''  gold  has  also  been  found  downstream 
Jt)m  the  first-described  claim.  It  is  identical  in  all  essential  respects 
mh  the  one  just  described  and  has  probably  had  a  similar  history. 
Hie  fact  that  this  gold  has  traveled  farther  from  its  parent  ledge  is 
Scaled  by  its  higher  assay  value.  It  is  not  possible  to  give  the 
'precise  assay  value,  for  the  sample  that  was  tested  was  mixed 
^ib  nugget  gold  taken  from  one  of  the  claims  farther  upstream. 
Hiis  mixed  sample,  however,  showed  a  higher  gold  tenor  than  the 
Qgget  gold  previously  quoted  as  worth  Si 8.37  an  ounce,  so  the 
iiffnence  is  probably  to  be  assigned  to  the  greater  fineness  of  the 
bar"  gold. 

Origin  of  the  gold. — ^The  distribution  of  the  gold  and  the  difference 
^  the  physical  characters  presented  by  this  mineral  from  the  several 
laims  in  this  stretch  of  about  2  miles  present  problems  of  economic 
^portance.  '  It  is  believed  that  the  coarse  nuggety  gold  on  the  two 
'kims  has  been  derived  from  near-by  areas  of  bedrock  and  has  not 
^^veled  far  from  its  source  of  formation.  Possibly  concentration 
^^  been  effected  in  earlier  stages  of  the  valley  development,  and 
tile  gold  was  subsequently  reconcentrated  in  the  present  streams, 
^t  the  movement  by  this  process  must  have  been  relatively  slight. 
^^  the  other  hand,  the  fine  flaky  gold  found  downstream  from  the 
^as  of  coarse  gold  seems  to  represent  the  smaller,  lighter  particles 
^Uch,  because  of  their  size,  have  been  carried  farther  from  their 
^rce.  Such  an  interpretation  is  analogous  to  the  well-known  dis- 
^bution  of  gold  in  a  sluice  box,  where  the  larger,  heavier  particles 
^  found  toward  the  head  end  of  the  box  and  the  smaller,  lighter 
pieces  near  the  foot  or  discharge  end.  According  to  this  explanation 
there  aro  several  localities  of  miner ahzation  cut  by  Klery  Creek,  each 
l^ing  more  or  less  close  to  the  areas  of  heavy  gold,  whereas  in  the 
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intermediate  regions  the  stream  has  not  been  so  close  to  regions  of 
as  great  mineraUzation  and  the  gold  has  been  derived  from  the  areas 
upstream. 

Too  little  is  known  about  the  region  to  determine  beyond  question 
whether  the  mineralization  is  confined  to  a  single  zone  or  whether 
there  are  a  great  number  of  these  mineralized  zones,  but  from  the 
number  of  places  where  gold  has  been  reported  in  the  Squirrel  River 
basin  it  seems  probable  that  there  are  at  least  several  and  possibly 
many  zones  of  mineralization.  Further  study  of  this  important 
question  ia  necessary,  for  it  affects  the  future  of  the  region.  Not 
only  is  it  important  in  determining  the  probable  area  in  which  gold 
placers  may  be  expected,  but  the  information  is  also  valuable  in  deter- 
mining the  trends  of  the  placer  ground.  From  the  experience  in 
Seward  Peninsula  it  is  beheved  that  the  contact  of  the  heavy  lime- 
stone and  the  graphitic  or  quartzose  schists  is  one  of  the  most  favor- 
able localities  for  searching  for  placer  deposits  in  this^group  of  rocks. 
This  experience  seems  to  be  borne  out  in  part  by  the  work  on  Squir- 
rel River,  for  the  richest  claim  so  far  discovered  has  been  near  this 
contact.  That  there  are  other  places  where  mineraUzation  has  been 
pronounced  can  not  be  doubted,  and  the  prospector  should  therefore 
not  place  undue  emphasis  on  the  above  suggestion. 

BENCH  AND  DEEP  GRAVELS. 

So  far  only  the  shallow  creek  gravels  in  the  stream  beds  have  been 
exploited.  There  are,  however,  bench  and  high-level  gravels  in  this 
region,  as  well  as  the  broad  fillings  of  the  main  stream  valleys,  which 
are  possible  sources  of  mineral  wealth.  None  of  these  older  gravels 
have  been  prospected  as  yet,  and  therefore  suggestions  as  to  their  prob- 
able value  or  character  are  tentative  and  subject  to  revision  when 
more  information  is  obtaiaed.  The  lower  benches  already  noted  as 
occurring  at  several  different  elevations  above  the  tributary  streams, 
such  as  Klery  Creek,  seem  to  have  had  essentially  the  same  method  of 
formation  as  the  known  auriferous  creek  gravels.  It  is  therefore 
beheved  that  in  the  neighborhood  of  bedrock  mineralization  these 
benches  will  be  productive  of  placer  gold.  Most  of  the  benches  of 
this  character  on  Klery  Creek  had  but  small  length  or  breadth,  so 
that  only  discontinuous  deposits  resulted.  Such  benches,  however, 
may  afford  rich  pockets  of  auriferous  gravel  which  would  well  repay 
exploitation.  Many  of  the  benches  seem  to  be  covered  with  muck 
and  turf,  which  fact  suggests  that  the  gravels  will  be  frozen  and 
require  thawing  apparatus. 

The  higher  gravels,  which  are  of  wide  extent  and  cover  not  only 
the  lower  slopes  of  the  Squirrel  River  basin  but  also  extend  both 
up  and  down  the  stream  along  the  Eobuk,  present  problems  that  are 
much  more  difiicult  to  interpret.  The  origin  of  these  gravels  can  be 
solved  only  by  a  general  survey  of  a  large  area  ia  the  lower  part  of 
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ji  Kobok  Valley,  mipplemented  by  numerous  good  sectionfl  of 
~±  deposits  by  means  of  prospect  shafts.    The  character  and  dis- 
iibudon   of    tliese  high-level  gravels  strongly  suggest  that  they 
jve  not  been  formed  by  normal  fluviatile  action.    There  is  a  possi- 
iHty  that  they  may  mark  marine  deposition,  but  it  seems  mord 
.'')bable  that,  they  are  the  outwash  deposits  from  ancient  glaciers 
riiich  at  one  time  occupied  the  more  eastern  part  of  the  Eobuk  Val- 
i\.   If  this  interpretation  is  correct,  there  is  small  probability  that 
^n^oomically  profitable  placers  wiU  be  found  in  these  gravels.    Al- 
bjugh  outwash  deposits  may  contain  gold,  it  is  believed  that  nor- 
i&Ily  the  valuable  minerals  are  so  disseminated  that,  except  under 
Dnditions  of  subsequent  concentration,  the  valuable  minerals  can 
1  't  be  profitably  extracted.    These  high-gravel  plain  deposits  consist 
iTgely  of  rolled  quartz  pebbles.    No  striated  fragments  or  other 
i&rks  of  direct  glaciation  were  observed.     The  condition  of  these 
J&vels  with  respect  to  frost  is  not  known.    As  a  rule,  gravel  deposits 
it  any  considerable  elevation  above  the  adjacent  streams  are  so  well 
j^ed  that  they  are  not  permanently  frozen.    At  several  places 
There  these  gravels  are  exposed  in  the  valley  walls  of  the  tributary 
L*eaiiis  there  are  indications  that  they  are  not  frozen.    These  places, 
V)wever,  are  not  conclusive  as  to  the  conditions  of  the  gravels  in  the 
-tennediate  area  between  two  streams,  where  the  gravels  are  not 
'^posed  to  the  light  and  air  and  where  the  groundwater  level  rises 
^>  that  the  gravels  are  not  as  well  drained.    From  the  character  of 
'^^  surface  in  some  of  these  less  well-drained  areas  it  seems  certain 
'^at  permanently  frozen  ground  will  be  encountered. 
No  prospecting  of  the  deeper  gravels  that  form  part  of  the  flood 
piam  of  the  main  Squirrel  River  has  been  done,  so  that  no  definite 
inionnation  as  to  the  presence  of  placer  ground  is  available.     It  is 
^deratood  that  prospectors  have  found  colors  of  gold  on  many  of 
'^^  bais  and  in  shallow  holes  which  did  not  reach  bedrock.     The 
^und  was  frozen  and  the  necessary  machinery  for  exploring  the 
^^posits  was  not  at  hand,  so  that  the  deep  groimd  was  abandoned  for 
Ae  more  easily  worked  shallow  creek  diggings.     From  the  experience 
^n  Seward  Peninsula  it  seems  questionable  whether  important  placer 
iM  deposits  will  be  discovered  in  these  flats.     It  should  be  reiterated, 
Wever,  that  the  data  for  basing  a  decision  are  inadequate,  and  the 
i^bove  suggestion  is  little  better  than  a  guess,  warranted  only  by  the 
'Wire  to  prevent  the  reckless  expenditure  of  time  and  money  on  ill- 
considered  projects. 

NOATAK  BASIN. 

BZTSVT  or  PKospxoTnro. 

There  are  no  placer  mines  in  operation  in  the  entire  Noatak  basin. 
Inuring  the  rush  to  Alaska  following  the  gold  excitement  of  1898  the 
l)asin  was  visited  by  prospectors.     None  of  the  early  nor  the  later 
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comers,  however,  discovered  deposits  of  sufficient  promise  to  tempt 
them  to  attempt  development,  and  when  the  region  was  visited  in 
1911  even  prospecting  had  practically  ceased.  Here  and  there  in  the 
lower  200  miles  of  the  river  abandoned  cabins  were  seen  which  had 
l>een  the  homes  of  these  gold  seekers.  A  short  distance  below  the 
Noatak  Canyon  was  seen  one  of  these  cabins  that  had  been  abandoned 
but  recently.  A  well-worn  trail  led  to  a  neaivby  creek  and  there  were 
evidences  that  placer  prospecting  had  been  in  progress  rather  re- 
cently, but  no  information  conceniing  the  results  of  this  work  could 
be  obtained. 

Although  it  is  doubtful  whether  more  than  a  few  hundred  dollars' 
worth  of  gold  has  been  mined  in  the  entire  basin  it  is  believed  that 
the  region  has  not  been  adequately  prospected.  Numerous  stories 
of  rich  finds  indefinitely  located  are  of  course  heard,  but  there  are 
only  two  places  where  placer  gold  is  known  to  have  been  found. 
These  are  in  the  headwaters  of  the  river  on  Lucky  Six  Creek  and  near 
Midas  Creek  in  the  vicinity  of  the  camp  of  August  2.  The  few  facts 
regarding  these  two  areas  are  given  in  the  following  pages. 

LirOKT  SIX  &BOZOH. 

Lucky  Six  Creek  is  a  stream  joining  the  Noatak  from  the  east  about 
12  miles  in  an  air  line  south  of  the  camp  of  July  23  at  the  mouth  of 
the  tributary  of  the  Alatna  heading  in  the  pass  to  the  Noatak  trav- 
ersed by  the  Survey  expedition  of  1911.  Gold  was  discovered  on 
this  stream  in  1898,  and  from  time  to  time  since  then  small  parties  of 
prospectors  have  visited  the  region.  This  place  is  so  inaccessible, 
however,  that  the  miners  have  spent  only  a  few  days  there.  Not 
only  is  the  region  inaccessible,  but  it  is  also  difficult  to  prospect  for 
lack  of  timber.  It  is  reported  that  the  planks  used  for  making  sluice 
boxes  were  whipsawed  by  hand  on  Reed  River  of  the  Kobuk  basin 
nearly  30  miles  away  and  were  hauled  by  dogs  and  men  to  Lucky 
Six;  there  were  no  logs  for  cabins  and  consequently  the  prospectors 
lived  in  tents.  Although  now  that  more  of  the  geography  and 
resources  of  the  region  are  known,  it  has  been  f  oimd  that  spruce  can 
be  obtained  in  the  Alatna  Valley  not  more  than  12  miles  in  an  air 
line  from  Lucky  Six  Creek,  yet  the  labor  of  transporting  the  lumber 
even  this  distance  and  over  a  divide  at  least  1,000  feet  high  is  a 
great  tax  on  time  and  energy.  Even  wood  for  fuel  is  scarce  and  is 
mainly  green  alder  and  willow. 

The  Lucky  Six  basin  was  not  surveyed,  but  the  general  geology 
was  learned  from  a  study  of  the  stream  to  the  north.  This  creek, 
known  as  Twelvemile  Creek,  is  not  more  than  10  or  12  miles  long. 
For  half  a  mile  or  so  above  the  mouth  the  stream  meanders  on  the 
outwash  gravel  plain  of  the  main  Noatak.  Farther  up,  the  stream 
enters  the  hills  and  the  river  lies  in  a  narrow  precipitous  goi^  incised 
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I  bedrock  and  eaily  glacial  depoaitB.  In  Una  part  the  creek  is  not 
sore  than  50  feet  wide,  ev&i  during  times  of  high  water,  but  it  is  a 
^usDg  torrent  with  its  bed  fuU  of  huge  bowlders  that  make  crossing 
Jcult.  Still  farther  up,  the  gradient  of  the  yalley  deoieases,  but  in 
30  headwater  regions  the  slope  again  increases. 
Geologically  the  Lucky  Six  region  presents  many  problems. 
tirious  kinds  of  rocks  occur  in  intricate  relations.  The  larger  part 
i  the  bedrock  appears  to  have  originally  been  a  sediment  that  was 
iobsequently  metamorphosed.  No  masses  of  the  granite  were  seen 
9  plAce,  though  dikes  were  reported  by  prospectors  and  may  exist 
ithe  more  remote  parts  of  the  valley  that  were  not  explored.  Lime- 
HdDes  form  a  considerable  part  of  the  divide  north  of  Twelvemile 
>ek  and  appear  to  have  a  general  east-west  trend.  The  direction 
i  the  structure  in  the  schists,  however,  is  not  constant,  though  it,  too, 
(^peaiB  to  strike  east  and  west  and  to  dip  north. 
Gravel  and  partly  rounded  morainic  material  extend  to  an  eleva- 
j»ii  of  1,200  feet  above  the  creek,  or  3,600  feet  above  the  sea,  but  it 
£not  in  this  material  that  the  gold  values  are  reported  to  have  been 
)^d.  Instead,  the  gold  is  said  to  occur  only  in  the  cracks  and 
"^nces  of  the  bedrock  in  the  creek  or  in  the  very  shallow  present-day 
^  gravels.  All  the  gold  is  said  to  be  notable  for  its  coarse  size  and 
3e  absence  of  fine  flaky  pieces.  It  is  described  as  shaped  like 
pumpkin  seeds/'  has  a  reddish  color,  and  assays  about  S19.20  an 

^^^uing  1911,  while  the  Survey  party  was  in  this  region,  three 
P^^c^spectors  were  met  who  intended  to  spend  the  winter  in  prospecting. 
^ey  had  started  up  Alatna  River  in  a  light-draft  steamboat  with 
'Applies  for  two  years,  but  about  40  miles  above  the  mouth  the  boat 
^  been  stopped  by  low  water.  They  therefore  decided  to  make 
^  ^pid  reconnaissance  of  the  region  and  await  the  freeze-up  before 
iQoTing  their  supplies  to  the  Noatak.  Consequently  the  men,  with 
"Applies  for  a  month,  visited  the  headwater  region  and  did  a  little 
^ace  prospecting.  This  work  was  of  a  decidedly  superficial  nature, 
^Qt  it  is  understood  that  the  returns  were  not  sufficient  to  induce  the 
^  to  hold  to  their  original  plan  of  wintering  at  this  place. 

Mmaa  oxxik  ssoioh. 

Prom  the  same  prospectors  noted  in  the  preceding  section,  one  of 
^flom,  William  McCarmant,  had  been  in  the  headwater  region  of  the 
Joatak  in  1904,  it  was  learned  that  placer  gold  had  been  obtained  on 
^Was  Creek,  a  tributary  from  the  north  joining  the  Noatak  near 
^^«  camp  of  August  2.  The  gold  was  reported  to  have  been  found  in 
^  particles,  all  of  which  were  rather  well  worn.  During  1911 
^  Midas  Creek  region  was  again  visited  by  these  prospectors  and 

1  Lloyd,  L.,  immbliBtMd  totlv. 
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although  their  work  waa  of  a  superficial  character  certain  resxilts  o 
significance  were  obtained  in  connection  with  the  geologic  observa 
tions  made  by  the  Survey  party.  It  seems  that  much  disseminates 
gold  in  fine  particles  was  found  in  the  creek  and  ancient  gravels  of  thi 
Noatak;  both  north  and  south  of  the  river,  but  that  the  gravels  of  tin 
tributaries  of  Midas  Creek  that  are  derived  entirely  from  the  hills  nortl 
of  the  camp  of  August  2  are  not  auriferous.  From  the  geologic  studi 
of  the  rocks  forming  these  hills  it  is  believed  that  they  are  youngei 
than  the  metamorphic  schists  and  belong  to  the  group  caUed  ic 
this  report  the  Noatak  sandstone.  The  older  rocks  that  are  more 
likely  to  be  mineralized  apparently  form  the  bedrock  to  the  soutl 
and  underlie  those  forming  the  hills  in  which  Midas  Creek  rises.  It 
is  therefore  believed  that  the  gold  reported  to  have  come  from  Mida£ 
Creek  was  derived  either  from  the  older  rocks  forming  the  southern 
part  of  the  basin  or  else  that  it  may  have  come  from  the  outwash 
gravels  which  have  been  transported  for  long  distances.  These 
ancient  gravels  have  been  recognized  up  to  an  elevation  of  850  feet 
above  the  mouth  of  Midas  Creek  and  they  are  believed  to  have  been 
mainly  of  glaciofluviatile  origin. 

Some  prospecting  has  also  been  done  south  of  the  Noatak  opposite 
Midas  Creek.  Although  it  is  reported  that  small  colors  of  gold  were 
foimd  at  many  places,  the  abundance  of  large  bowlders  in  the  streams 
makes  prospecting  difficult  without  numerous  appliances  not  easily 
procurable  in  this  remote  region.  The  bedrock  south  of  the  Noatak 
at  this  place  appears  to  be  similar  to  that  generally  present  in  the 
better-known  placer  regions  of  the  Seward  Peninsula.  Where  the 
undifferentiated  limestones  form  the  hills;  however,  the  probability 
of  finding  productive  placers  seems  slight. 

KOYUKUK  BASIN. 
XAnr  8TBSAM. 

According  to  Schrader,  *  "  Placer  gold  has  been  known  in  the  Koyu- 
kuk  basin  since  the  early  nineties,  if  not  before.  It  was  first  dis- 
covered in  the  bars  of  the  river,  of  which  the  most  noted  seem  to  have 
been  Hughes  and  Florence  bars,  both  far  below  the  present  placer 
diggings.''  At  the  present  time,  however,  no  mining  of  any  of  these 
deposits  is  in  progress,  and  it  is  probable  that  the  production  of  gold 
from  this  source  has  been  small.  Maddren '  estimates  that  about 
S4,000  in  gold  was  won  from  these  two  bars.  Little  is  known  of  the 
origin  or  mode  of  occurrence  of  these  placers.  From  prospectors' 
reports  it  appears  that  the  gold  was  in  very  small  pieces  and  had 
evidently  been  carried  for  a  considerable  distance.    It  is  important 

1  Schrader,  F.  C,  A  raoonnAiaBUioe  In  northern  Alaska  in  1001:  Prof.  Papv  U.  S.  0«oL  Survey  No.  30, 
1004,  p.  08. 
s  Maddren,  A.  O.,  The  Koyukuk-Chandalar  gold  region:  BixlL  U.  S.  OeoL  Survey  No.  442, 1010,  p.  297. 
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)  note,  however,  that  during  1911  placers  were  found  on  a  tributary 
imm  about  30  mfles  distant  in  the  same  general  belt  of  rocks  which 
^terops  near  the  river  at  these  bars.  Hus  fact  suggests  that  the 
5)id  may  have  been  derived  from  the  group  of  rocks  that  has  been 
loyisionally  mapped  as  belonging  to  the  Koyukuk  group. 
The  main  Koyukuk  placer  region  lies  outside  of  the  area  discussed 
:  this  report  and  therefore  will  not  be  described.  For  an  account 
:'  the  geology  and  resources  of  that  important  region,  reference 
fioold  be  made  to  the  other  Survey  publications,  notably  those  by 
:^iirader  ^  and  Maddren.' 

TBIBTTTAaT  BTSXAMS. 

In  the  Hogatza  basin  colors  of  gold  are  reported  to  have  been 
^d  by  prospectors  in  some  of  the  stream  gravels.  No  productive 
iPeas,  however,  have  been  discovered  and  no  prospecting  is  in  progress. 

Oq  the  headwaters  of  Indian  River,  a  stream  entering  the  Koyukuk 
^  Florence  bar,  some  placer  mining  has  recently  been  begun. 
ittle  is  known  of  the  geology  in  this  region.  The  bedrock  is  reported 
'be slate  and  granite  and  the  gold  occurs  in  shallow  stream  gravels. 
^«  bedrock  is  so  disintegrated  or  decomposed  that  it  can  be  easily 
mded  into  the  sluice  boxes  and  separated  from  the  gold.  Brooks' 
^timates  that  the  production  from  this  place  in  1911  was  worth 
approximately  $14,000.  Only  a  few  claims  on  Felix  and  Snyder 
r»b  have  been  developed,  but  prospects  have  been  located  on  many 
^  the  near-by  streams.  The  productive  area  is  reached  from  Hughes 
^  the  Koyukuk  by  an  overland  trail  about  25  miles  long.  Some 
*Uo  100  men  were  in  the  region  during  1911,  but  only  a  few  were 
ftually  engaged  in  mining. 

'^e  next  upstream  tributary  on  which  placer  has  been  found  is 
^^Alatna.  Prospectors  visited  this  stream  in  1898  and  at  inteiv 
^  later.  A  little  placer  gold  was  found  in  some  of  the  gravels  in 
^t  part  of  the  valley  where  the  southern  belt  of  undifferentiated 
^^tamorphic  schists  occurs,  but  the  indications  were  not  sufficiently 
•Tomising  to  induce  further  work  and  the  region  is  now  practically 
^doned  by  prospectors. 

On  Mecklenberg  Creek,  a  small  tributary  of  Malemute  River, 
^ch  in  turn  flows  into  the  Alatna  and  traverses  this  same  general 
^t  of  undifferentiated  metamorphic  schists,  a  prospector  reports 
^^  found  colors  of  gold  in  the  creek  gravels.  This  locality  was 
-^^  visited  and  nothing  of  importance  was  learned  of  the  occurrence, 
^^t  no  workable  deposits  have  been  developed.     The  gold  is  in  small 

;Jj*»<ler,  F.  C,  op.  dt. 

J^^^*^  A.  Q,,  TlM  Koyukuk-Chandalar  gold  ngUm:  BaJL  U.  S.  Qeol.  Sorvty  No.  443, 1«10|  pp. 
^The  Koynkuk-Cbandalar  ngfoa,  AJadcs:  BuU.  U.  B.  OeoL  Survey  No.  532, 1913. 

°*^  A.  H.,  Tbe  misiDg  industry  in  1911:  BuU.  U.  8.  QeoL  Surrey  No.  5X,  1912,  pp.  38-39. 
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particles,  very  few  of  them  flaky,  and  is  of  a  reddish  color.  No  hlcick 
or  rusty  gold  was  reported.  In  the  concentrates  magnetite  is  very 
abundant  but  garnets  are  only  sparingly  found. 

Some  prospecting  in  the  Alatna  basin  has  also  been  carried  on  in 
the  belt  of  undifferentiated  metamorphic  schists  north  of  the  larger 
area  of  undifferentiated  limestone,  where  the  dark  slates  form  the 
cotmtry  rock.  Two  prospectors  living  on  the  Kutuk  have  found 
sufficient  prospects  on  this  stream  to  cause  them  to  continue  explora- 
tion, but  no  gravels  of  workable  value  have  yet  been  discovered. 
Work  at  this  place  has  been  carried  on  only  in  die  shallow  gravels  of 
the  present  stream.  It  is  believed  that  the  gold  has  been  derived 
from  quartz  stringers  and  veins  in  the  slate.  Magnetite  is  abundant 
in  the  concentrates,  but  garnets  are  practically  absent. 

Very  little  prospecting  has  been  done  on  John  River.  Schrader  ^ 
states  that  ^'Colors  were  obtained  here  by  the  writer  from  gravels 
in  the  mouth  of  a  small  creek  near  the  northern  edge  of  the  Totsen 
series"  (the  southern  area  of  undifferentiated  metamorphic  schists). 
In  a  subsequent  report  Maddren  '  states: 

Crevice  Greek,  which  lies  in  these  rocks  [schists]  on  the  east  side  of  the  river  [John 
River],  and  Fool  Greek  and  its  tributaries,  on  the  west  side,  are  the  only  k>calities 
where  encouraging  prospects  have  been  found  up  to  this  time  [1909].  About  $1,800 
worth  of  gold  was  mined  on  Grevice  Greek  in  1904  and  good  prospects  were  found  on 
Midas  Greek,  a  tributary  of  Fool  Creek,  in  1905,  but  these  discoveries  have  not  led  to 
further  development. 

There  seems  little  room  to  doubt  that  the  valuable  minerals  in  the 
known  placers  on  both  John  and  Alatna  rivers  have  been  derived 
from  the  undifferentiated  metamorphic  schists  and  their  included 
veins.  The  only  igneous  intrusives  or  effusives  near  the  placers  are 
the  greenstones. 

GOLD  IiODES. 

At  the  present  time  no  lodes  have  been  developed  to  a  producing 
stage  in  the  region,  and  there  are  very  few  places  where  even  prospect- 
ing has  amounted  to  much  more  than  the  annual  assessment  work 
stipulated  by  law.  As  usual,  one  of  the  troubles  has  been  due  to  the 
prospectors  overburdening  themselves  with  more  claims  than  they 
could  handle,  so  that  their  efforts  have  not  been  concentrated  on  any 
particular  place.  Consequently,  so  far  as  affording  information 
about  the  lodes  is  concerned,  the  prospecting  has  been  largely  value- 
less, and  one  examining  the  region  is  forced  to  rely  mainly  <m  natural 
exposures  of  the  possible  lode  deposits.  Indications  of  mineralization 
occur  at  many  places,  but  the  general  inaccessibility  of  the  region 
and  the  high  valuation  set  on  many  of  the  prospects  do  not  invite  the 
investment  of  outside  capital.  Without  abundant  funds  the  develop- 
ments are  hampered,  and  many  of  those  attempted  are  ill  directed. 

1  Schrader,  F.  C,  op.  dt.,  p.  101. 

*  Maddren,  A.  O.,  The  Koyukuk-Chandalar  gold  region:  Bon.  U.  8.  GeoL  Survey  No.  442, 1910,  p.  314. 
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KOBUK  BASIN. 

Qq  the  divide  between  Dahl  and  Riley  creeks  there  are  numerous 
feins  in  the  black  slates  and  schists.  Most  of  these  veins  are  small 
ftriDgers,  but  some  lenses  18  inches  to  2  feet  in  width  were  noted.  In 
le  yein  in  particular  on  this  divide  specks  of  gold  are  reported  in  the 
partz  and  a  shaUow  prospect  hole  had  been  dug.  The  broken  quartz 
^m  this  hole  had  been  panned,  and  numerous  small  particles  of  gold 
tre  said  to  have  been  obtained.  On  the  northern  slopes  of  tins  ridge, 
ind  continuing  as  far  as  the  placers  on  Riley  Creek,  there  is  heavy 
^8rt2  float  all  over  the  surface.  In  many  pieces  of  the  float  fine 
!oId  is  visible,  and  some  pieces  containing  several  dollars'  worth  of 
.fold  are  reported  to  have  been  found.  The  auriferous  quartz  from 
iiis  place  is  mostly  of  a  dense  texture  and  a  greasy  white  color. 
^)hides  are  almost  entirely  absent.  In  places  the  quartz  ia  iron 
^ed,  but  the  discoloration  is  not  present  everywhere  or  in  con- 
aderable  amounts.  The  quartz  in  places  shows  indications  of  a  comb 
^r^cture,  and  does  not  seem  to  have  been  recrystallized  or  badly 
gnashed.  On  account  of  these  characters  it  is  believed  that  the  veins 
imm  which  this  quartz  was  derived  belong  to  a  series  formed  later 
^  the  maximum  period  of  regional  metamorphiam.  This  inter- 
pretation is  further  supported  by  the  greater  continuity  of  these  veins 
ss  compared  with  those  in  the  oldest  schists.  It  is  believed  that  these 
piartz  veins  are  intimately  connected  with  the  local  placers  on  Riley 
Creek  and  that  they  are  the  sources  from  which  the  placer  gold  was 
lerived. 

An  attempt  to  interest  outside  people  ui  developing  Uus  gold  quartz 
80  far  proved  unsuccessful.  From  the  character  of  the  exposures 
>(  quartz  veins  in  the  immediate  vicinity  it  appeai:s  that  the  treat- 
loent  of  the  vein  material  woald  require  the  handling  and  milling  of 
^Urge  amount  of  the  country  rock  as  weU,  and  this  would  necessarily 
^Tice  the  gold  tenor.  The  question  whether  these  veins  can  be 
worked  is  answerable  only  by  careful  and  extensive  sampling  of  the 
^d  of  material  that  must  be  mined  and  milled  if  the  project  i9 
<leveloped  conmiercially.  It  is  evident  that  picked  specimens  are 
dissolutely  worthless  ui  arriving  at  the  valuation;  the  samples  of  the 
^ein  material  alone  are  likewise  misleading. 

There  are  many  other  places  where  veins  similar  to  those  at  the 
'^  head  of  Dahl  Creek  have  been  seen,  and  it  is  by  no  means  improb- 
able that  they,  too,  carry  some  free  gold,  although  in  the  hurried 
^^anunation  it  escaped  detection.  These  veins  are  more  numerous 
iQ  the  areas  occupied  by  the  black  slates,  especially  near  the  base  of 
iie  limestones.  The  distribution  appears  to  be  dependent  on  the 
physical  features  of  the  slates,  but  the  deposition  of  gold  may  have 
^n  due  to  chemical  reactions  induced  by  the  preseiice  of  carbonic 
<^eou8  material  throughout  these  rocks, 
?X^— Bull.  53a— 13 10 
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From  a  recent  newspaper  clipi»ng  it  is  learned  that  a  quartz  vein 
has  been  located  on  Hunt  River  near  the  Jade  Mountains.  Picked 
specimena  from  tlus  place  are  reported  to  have  yielded  over  $100  a 
ton  in  gold.    Nothing  further,  however,  is  known  about  this  discovery. 

ALATNA   BASIK. 

During  the  early  rush  into  the  Koyukuk  some  quartas  veina  were 
found  in  the  belt  of  undifferentiated  metamorphic  aehiBtB  in  the  central 
part  of  the  Alatna  basin.  These  were  staked  and  held  for  aev^'al 
years,  awaiting  the  expected  boom.  Practically  no  work  was  done 
to  open  up  the  leads,  and  when  the  place  was  visited  in  1911  a  few 
iusi^uficant  pits,  driven  on  small  iron-stained  quartz  stripgera,  were 
all  that  could  be  recognized  of  the  early  work,  and  the  plaoe  has 
apparently  long  been  deserted. 

Schrader  notes  that  in  1902-3,  in  the  divide  between  the  Alatna  and 

Noatak,  prospectors  reported  lode  deposits  carrying  high  gold  and 

copper  values.    The  veins  were  said  to  consist  essentially  of  quartz 

with  p3n^te  and  chakopyrite,  but  some  specimens  contained  stifamte 

abo.    The  location  of  the  veins  was  very  indefinite  and  they  were  not 

seen  in  1911.    The  fact,  however,  that  the  highest  assays  made  by 

the  Survey  of  the  specimens  brought  out  by  the  prospectorscarried 

less  than  S2  a  ton  in  gold,  as  well  as  the  fact  that  no  work  has  been 

done  recently  in  the  region,  shows  that  the  tenor  was  not  sufficient  to 

warrant  development  under  the  high  costs  prevailing  in  the  upper 

Alatna  Valley. 

noatajK  basin. 

As  in  other  regions,  reports  of  lost  prospectors  finding  enormously 
rich  deposits  are  common.   'Unfortunatefy,  however,  these  ''finds'^ 
can  not  be  located  when  subsequently  souj^t  and  their  vahie  tends 
to  increase  the  less  that  is  known  about  them.    An  iostance  of  this 
sort  was  the  reported  discovery  of  rich  gold  quartz  in  the  vicinity  of 
Mount  Kelly,  a  hill  about  40  miles  north  of  the  camp  of  August  19. 
On  attempting  to  learn  about  this  gold  quartz  it  was  found  that  the 
locality  was  extremely  indefinite,  varying  from  the  Igichuk  Hills  near 
the  mouth  of  the  river  to  the  region  beyond  the  Noatak  drainage.    It 
is  not  intended  by  the  above  remarks  to  cast  doubt  on  the  fact  that 
gold-bearing  quartz  may  have  been  found  in  the  Noatak  basin,  but 
only  to  point  out  that  with  such  indefinite  location  it  is  not  possible 
to  discuss  the  significance  of  the  reported  discovery.    From  the 
little  that  is  known  about  the  geology  in  the  vicinity  of  Mount  Kelly 
north  of  the  Noatak,  it  seems  probable  that  extensive  deposits  of 
economic  value  are  absent,  for  ^e  rq^on  is  probably  formed  of  the 
higher  Paleozoic  sediments,  which  as  a  rule  are  but  little  mineralized. 
There  is,  of  course,  the  possibility  that  the  pronounced  deformation 
that  is  known  to  have  affected  the  region  may  have  raised  the  higher 
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beds,  SO  that  tbey  hfsve  hmn  Fonoved  by  eraaion  and  the  older 
riiists,  wUch  ace  usually  iBMNDa  or  less  minaraliaed,  may  have  been 
qxMod. 

Another  oceuirmx^e  el  gdbd  quarta  haa  beea  reported  from  the  hifls 
south  ol  the  nvw,  a  diort  distaace  east  of  the  canyon.  A  prospeotor, 
vith  pack  h<Hraea  from  Sqiiinel  River  of  the  Eobuk  baeix^  spent  part 
df  the  fan  and  winter  of  IftIO  in  the  hills  north  of  Squinel  and  Salmon 
meiH  and  returned  with  numerous  speckoena  of  quarts,  some  show- 
ing free  gdld.  It  was  not  possible  to  obtain  a  description  of  this  trip 
It  first  hand  and  consequently  most  of  the  information  is  indefinite- 
Hat  the  prospector  was  satisfied  with  the  indication  of  mineralization 
tas  shown  by  the  rq)ort  that  he  mtended  to  return  and  carry  on 
nirther  exploration  during  the  winter  of  1911-12.  Presumably  the 
re^(»k  has  schists  and  metamorphic  limeetenea  as  the  country  rock. 
"^imd  have  usually  proved  auriferous. 

COPFBB  LODBS. 
KOBUX  BAfllK. 

Lodes  carrying  copper  sulphides  have  been  prospected  at  several 
places  in  the  Noatak-Kobuk  r^on,  but  the  only  systematic  attempts 
to  exploit  the  veins  have  been  made  in  the  Kobuk  basin.  At  two 
places  attempts  have  been  made  to  prospect  copper  lodes,  but  at 
^either  have  the  explorations  been  sufficient  to  determine  the  extent 
of  other  geologic  relations  of  the  ore.  One  of  these  prospects  is 
located  on  the  west  side  of  Ruby  Creek,  about  5  miles  from  the 
junction  of  that  stream  with  Shungnak  River.  The  other  lies  west 
of  the  left  fork  of  Ruby  Creek,  near  the  head  of  Cosmos  Creek.  A 
low  limestone  hill,  locally  known  as  Aurora  Mountain,  is  the  center 
^und  which  the  claims  at  the  latter  locality  are  grouped,  and  this 
Qame  wiU  therefore  be  used  to  designate  that  locality. 

Copper-bearing  leads  on  Ruby  Creek  have  been  known  for  many 
years  and  were  critically  examined  in  1906  by  experts  in  private 
^ploy  to  determine  their  commercial  value.    Conditions  at  that 

• 

tune  prevented  the  purchase  of  the  properties,  and  only  a  small 
^ount  of  work  has  been  done  recently.  Owing  to  the  length  of  time 
that  has  elapsed  since  active  work  was  in  progress,  many  of  the  pits 
^d  open  cuts  have  caved  and  filled  to  such  an  extent  that  tjiey 
^ord  poor  opportunity  for  examining  the  deposits  and  adjacent 
^ks.  In  this  part  of  the  Ruby  Creek  valley  on  the  lower  slopes 
^ere  is  a  heavy  covering  of  talus  and  v^etation,  so  that  without 
pits  and  other  sections  many  important  facts  are  indeterminable. 
Minerafization  on  Ruby  Creek  appears  to  be  confined  to  a  brecciated 
^ne  or  zones  in  the  limestones.  Sulphides  have  been  deposited  in 
^«  open  spaces  thus  formed  and  the  ore-bearing  solutions  have 
penetrated  the  limestone  along  many  cracks  and  crevices  and  have  m 
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part  replaced  it.  There  is  some  biecciated  dolomite  at  the  mine, 
and  this  also  has  been  replaced  and  intersected  by  sulphides.  The 
sulphides  of  economic  importance  are  mainly  bomite  and  chalcopyrite, 
but  galena  and  iron  pyrite  were  also  noted.  In  the  surficial  part  of 
the  deposit  both  the  blue  and  the  green  copper  carbonates  are  com- 
mon. Limonite,  derived  from  the  weathering  of  the  pyrite,  in  sev- 
eral places  forms  a  gossan,  or  ''iron  hat/'  several  feet  thick  over  the 
sulphide-impr^nated  limestone.  It  is  reported  that  the  weathered 
material  when  panned  yields  colors  of  gold.  Average  pans  of  the 
gossan  from  an  open  cut  above  the  main  workings  are  said  to  give 
from  1  to  3  cents  in  gold.  Assays  are  reported  to  have  yielded  as 
much,  as  11  per  cent  of  copper,  but  no  details  were  obtained  as  to  the 
manner  in  which  the  samples  were  taken. 

The  main  developments  on  the  northernmost  property  consists  of 
an  adit  and  two  open  cuts.  Tlie  mouth  of  the  adit  is  only  a  few  feet 
above  the  high-water  level  of  the  creek.  The  tunnel  has  been  driven 
about  40  feet  through  a  much  slickensided  and  fractured  limestone, 
in  places  showing  mineralization.  Two  ^ort  drifts,  totaling  only 
about  30  feet  in  length,  followed  especially  strong  indications  of 
mineralization  but  evidently  soon  passed  out  of  rich  ore.  The  walls 
stand  fairly  well,  but  caving  of  the  stirface  has  so  blocked  the  mouth 
of  the  adit  that  12  to  18  inches  of  water  stands  on  the  track.  A 
boiler  was  brought  in  from  the  Kobuk  by  way  of  the  low  pass  at  the 
head  of  Wesley  Creek  by  a  team  of  70  dogs.  When  work  was  started, 
a  home-made  mine  car  was  used  to  tram  the  broken  rock  away  from 
the  working  face,  but  a  new  automatic  dimoping  car  has  since  been 
installed.  Wooden  rails  are,  however,  still  in  use.  Natives  have 
been  employed  as  muckers  and  for  the  simpler  mining  operations 
are  said  to  have  given  satisfaction.     . 

On  the  hill  at  an  elevation  of  about  150  feet  above  the  adit  an  open 
cut  about  30  feet  long  and  10  feet  or  more  wide  had  stripped  the 
surface  and  had  cut  into  the  bedrock  to  a  depth  of  5  to  7  feet.  Most  of 
this  pit  was  covered  with  caved  surficial  material,  so  that  little  could 
be  seen.  The  mineralization  seemed  to  be  essentially  the  same  as 
that  exposed  in  the  adit.  Although  the  bedrock  in  the  open  cut 
is  limestone  it  differs  in  some  respects  from  that  exposed  in  the 
tunnel,  for  none  of  the  dolomitic  phase  was  recognized  and  in  places 
it  seemed  to  be  darker  and  suggested  correlation  with  a  higher  horizon. 
Ilowovor,  there  has  been  so  much  dislocation  that  the  structure  was 
not  determinable  and  in  the  absence  of  fossils  the  above  suggestion 
is  to  be  regarded  as  little  better  than  a  guess. 

At  about  the  same  elevation  above  Ruby  Creek  as  the  adit  already 
(ioHcribod,  and  200  to  300  yards  southeast  of  the  open  cut  on  the 
hill,  another  open  cut  about  30  feet  long  has  uncovered  a  zone  of 
mineralization.    The  mode  of  occurrence  is  essentially  the  same  as 
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that  at  die  two  other  places,  but  only  the  tipper  weathered  portion 
m  been  exposed.  Copper  minerak  are  less  abundant  here,  but  there 
k  more  limonite.  Sulphides  were  but  sparingly  seen;  the  iron 
occurred  mainly  as  oxide  and  the  copper  mainly  as  carbonate.  It 
^  reported  that  samples  of  the  ore  from  this  cut  have  a  higher  acces- 
soiT  gold  content  than  that  from  either  of  the  other  two  places. 

At  a  locality  in  Aurora  Mountain,  about  3  miles  west  of  the  Ruby 
freek  copper  leads,  the  geologic  structure  is  essentially  synclinal; 
brecdated  and  deformed  limestone  forming  the  top  of  the  hill  lies 
aboYe  a  series  of  dark  slates  and  schists  that  form  the  lower  slopes. 
Near  the  contact  between  the  two  rocks,  but  occurring  almost  inva- 
riably within  the  limestone,  are  indications  of  sulphide  mineraliza- 
tion. The  surface  of  the  hill  is  so  covered  with  frost-riven  talus  of 
limestone  that  except  in  artificial  cuts  the  rocks  are  not  exposed  in 
(Jace.  Here  and  there  copper  carbonate  float  is  found  in  considerable 
abtmdance. 

Developments  on  Aurora  Mountain  consist  mainly  of  holes  dug 
through  the  overljnng  mantle  of  detritus  in  places  where  the  copper 
Soat  is  particularly  abundant.  The  only  prospecting  of  this  sort  that 
^  been  carried  to  any  considerable  extent  is  on  the  northeastern 
^ope  of  the  lull  about  300  feet  above  the  contact  of  the  limestone 
uid  schists.  Exploration  at  this  place  at  first  consisted  in  sinking  a 
^t  on  the  uphill  side  of  a  particularly  conspicuous  area  of  carbonate 
Boat.  At  the  time  this  place  was  visited  in  1910  the  shaft  was  partly 
ffled  with  water  and  its  walls  were  so  covered  with  ice  that  they 
could  not  be  examined.  It  was  reported  that  the  shaft  was  about  22 
feet  deep  and  intersected  a  fairly  promising  copper  load  about  mid- 
day between  the  surface  and  the  bottom.  The  bottom  of  the  shaft  is 
^  said  to  have  shown  some  good  ore.  Samples  from  the  lower  part 
of  the  shaft  show  bomite  and  chalcopyrite  as  well  as  carbonates. 

Owing  to  the  difficulty  of  mining  the  shaft  was  abandoned  and  a 
crosscut  at  about  250  feet  lower  elevation  was  commenced  to  coimect 
^th  the  deepened  shaft.  This  adit  was  about  30  feet  long,  and  it 
^  be  necessary  to  extend  it  over  250  feet  to  reach  a  point  directly 
jndemeath  the  shaft.  Throughout  its  length  the  adit  is  in  barren 
^fccciated  limestone,  in  few  places  showing  any  mineralization. 
Slickensiding  is  evident  at  many  places,  but  although  the  amount  of 
throw  was  not  determined  it  probably  was  not  very  great,  as  different 
f^Hiks  were  not  brought  into  juxtaposition.  In  spite  of  the  brecciation 
^d  faulting  the  rock  stands  weU,  and  it  has  been  necessary  to  timber 
^%  the  entrance  to  the  adit,  where  it  passes  through  the  surface 
detritus. 

Analyses  by  Thomas  Price  &  Co.^  of  picked  specimens  of  the  bomite 
^  reported  to  show  0.04  ounce  of  gold  per  ton,  worth  about  82  cents 

1  Lloyd,  L.,  nnpabUalked  letter. 
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and  1.4  ounoee  of  silver  per  ton,  worth  about  91  cente,  in  addition 
to  the  copper  content.  AsBays  by  the  same  analysts  of  chaloopyrite 
from  Aurora  Mountain  yielded  0.01  ounce  of  gold  per  ton,  worth  about 
20  cents,  and  a  trace  of  silver  in  addition  to  the  copper.  Neither  at 
Ruby  Greek  nor  at  Aurora  Mountain,  however,  does  the  sulphide 
mineralisation  seem  to  have  produced  auriferous  piacers.  In  Ruby 
Creek  colors  of  gold  have  been  found,  but  at  Aurora  Mountain  no 
placer  gold  has  been  reported  in  the  stream  grav^. 

Althou^  the  Ruby  Greek  and  Aurora  Mountain  localities  are  the 
only  ones  wheire  prospecting  has  been  carried  on,  there  is  probably 
similar  imikeralization  at  many  other  places.  In  fact,  mineralization 
near  the  contact  of  certain  of  the  limestones  and  schists  has  been 
recognized  all  the  way  from  Seward  Peninsula  to  this  region.  So  far 
projecting  has  failed  to  show  that  any  of  tibese  deposits  either  in 
Seward  Peninsula  or  in  the  Kobuk  region  are  workable. 

Until  the  mode  of  origin  and  the  general  characters  of  ore  bodies 
of  this  type  are  fully  understood  it  seems  unwise  to  do  much  dead 
work,  such  as  running  long  crosscuts  to  intersect  a  possible  ore  body  in 
depth.  Even  after  a  considerable  body  of  ore  has  been  disclosed 
a  careful  scrutiny  of  the  costs  of  mining  in  this  remote  and  rather 
inaccessible  region  should  be  made  before  expensive  permanent  min- 
ing machinery  is  installed.  Although  these  facts  should  not  dis- 
courage intelligent  prospecting,  they  should  serve  as  a  warning  that  the 
search  is  likely  to  be  expensive,  as  the  coat  of  preliminary  investiga- 
tion will  be  high. 

MISOEULANSOtFS  1X>0AIJTIBS. 

Veins  carrying  copper  and  silver  ores  are  reported  by  a  pros- 
pector in  the  Noatak  region.  The  silver  ore  is  said  to  occur  on  the 
north  side  of  the  Kobuk-Noatak  divide  between  the  Reed  and  Maun- 
eluk  River  portages.  No  description  of  the  geology  nor  mode  of 
occurrence  was  learned.  The  same  prospector  *  reports  that  farther 
west,  on  the  Noatak  side  of  the  pass  from  Kogoluktuk  River,  there  is 
a  considerable  deposit  of  copper  ore,  and  float  of  native  copper  is 
found  in  some  of  the  streams.  This  place  is  probably  in  the  head- 
waters of  Ipmiluik  River,  a  tributary  of  the  Noatak  near  the  camp 
of  August  L  Assays  are  stated  by  Mr.  Lloyd  to  have  shown  9.81 
per  cent  copper  and  27.73  per  cent  lead;  the  samples,  however,  were 
not  representative  but  selected  specimens.  This  ore  is  said  to  carry 
also  some  gold  and  silver.  An  assay  of  ore  from  what  is  supposed 
to  be  a  continuation  of  this  same  vein  on  the  Kobuk  side  of  the 
divide  is  reported  to  have  yielded  gold  and  silver  to  the  value  of 
$1.24  a  ton.  No  work  has  been  done  at  this  place,  and  in  fact  it 
was  only  discovered  and  a  few  samples  taken  during  a  hurried  trip 
from  the  Kobuk  to  Lucky  Six  Creek. 

1  Lloyd,  L.,  unpublished  letter. 
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k  the  Eoyukuk  region,  in  addition  to  the  copper  sulphides  already 

Dotod  in  the  reins  on  the  Alatna,  Schrader '  states  that — 

Qi£  pnndpal  flpecimenB  [of  coppor-beaiing  rocks]  aeea  by  the  writer  duoBg  ^ne  seoont 
vA  conedflied  of  water-worn  fragments  found  in  the  John  River  ^^vels  and  derived 
tppueiitly  from  the  quartz  veins.  They  contained  some  copper  pyrites  and  a  little 
vjnike  *  *  *.  'What  is  supposed  to  be  a  vein  of  considerable  size  containing  iron 
ud  appuvntly  copper  pyrites  was  observed  in  a  steep  limestone  cliff  of  the  Skajit 
inatkm  overlookiiig  the  river,  where  no  examination  or  collection  could  be  made. 

COAL  BBPOsrrs. 


KOBUK  BASIN. 

Coal  dc^poeitfi  in  many  parts  of  northwestern  Alaska  have  been 
ifiscrfted.  In  the  Noatak-Kobnk  region,  however,  the  only  place 
m&iie  of  Seward  Peninsula  where  coal  has  been  mined  is  near  the 
iQouth  of  the  Kallariehuk  on  the  Kobuk.  This  place  was  described 
WStoney  *  as  foDows: 

On  my  second  trip  to  the  Putnam  [Kobuk]  I  discovered  a  vein  of  bituminous  coal 
Qtcropping  on  the  north  side  of  the  river  about  90  miles  from  the  mouth.  I  tried  a 
itof  hinthe  furnace  of  the  steam  launch  with  very  satisfactory  results,  though  it  had 
«i|  been  eoLposed  to  the  weather.  The  vein  was  between  2  and  8  feet  Khick  and 
i^at anai^le  of  30^  from  the  river. 

Cantwell  also  tried  some  of  tins  same  coal  in  his  launch,  but  the 
'^olts  were  not  satisfactory.  MendenhaQ  also  examined  these  beds 
snd  reported  that — 

'<^  coals  occur  in  low  bluffs  along  the  river,  interbedded  with  conglomerates  and  fire 
^.  Those  sufficiently  well  exposed  for  examination  are  of  poor  quality  and  bum 
My,  yielding  abundant  ash  and  the  disagreeable  gases  which  are  characteristic  of 
^ptue  lignites.  So  &ir  as  determined  none  of  the  coals  outcropping  here  are  more 
'^n  2  or  3  feet  in  thickness,  and  the  majority  of  the  seams  are  much  thinner.  Half  a 
»^ii,  with  a  thickneas  of  6  or  8  inches,  were  examined  during  the  reconnaianince. 

During  the  recent  development  of  placer  mining  in  the  adjacent 
^uirrel  River  basin  some  of  this  coal  has  been  mined  and  transported 
^  local  use.  In  fact,  a  few  sacks  have  even  been  carried  as  far  as 
^  Creek,  near  Shungnak,  for  the  use  of  the  prospectors.  A  sample 
i  this  coal  was  submitted  to  the  Bureau  of  Mines  for  analysis,  with 
following  result: 

Analyns  ofeoaljrom  the  Kobttk  basing  Alaska. 

{No.  m,  Laboratory  No.  11007,  Nov.  3, 1910.    A.  0.  Fteldner,  chemist.    AJpdry  lov,  240.) 
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From  the  above  analysis  it  is  evident  that  the  coal  is  a  good  grade 
of  bituminous  coal  with  a  rather  high  efficiency.  Of  the  Alaskan 
coals  it  most  closely  resembles  Cretaceous  coal  from  the  vicinity  of 
Circle  and  Nulato. 

Some  lignite  was  observed  in  the  Cretaceous  sandstones  of  the 
Lockwood  Hills  near  Pah  River,  and  coal  float  has  also  been  reported 
on  the  lower  part  of  the  Ambler  and  on  the  Kogoluktuk.  These 
localities  are  all  in  the  belt  of  Upper  Cretaceous  and  Eocene  rocks,  so 
that  coal  beds  may  be  looked  for  in  these  rocks.  So  far  as  known, 
however,  none  of  the  coal  beds  in  these  rocks  in  this  part  of  Alaska 
have  proved  to  be  of  great  value.  The  following  statement  ^  taken 
from  a  report  of  a  region  of  similar  rocks  farther  south,  though  sum- 
marizing the  conclusions  regarding  the  coal  resources  of  that  area, 
is  equally  applicable  to  the  Noatak-Kobuk  region. 

From  the  fact  tliat  bo  far  there  ia  no  productive  mining  on  any  of  the  coal-bearing 
rocks  outcropping  along  the  Yukon  within  the  mapped  area,  it  seemB  improbable  that 
workable  beda  in  the  same  series  of  rocks  will  be  developed  in  the  immediate  future 
in  the  more  remote  regions,  where  transportation  facilities  and  markets  are  wanting. 
Although  thicker  beds  may  be  found  here  and  there,  the  additional  cost  of  transporta- 
tion for  each  mile  that  the  deposit  lies  back  from  the  river  or  from  some  other  cheap 
avenue  of  communication  increases  much  more  rapidly  than  the  thickness  of  the  bed 
could  be  reasonably  assumed  to  increase. 

Of  course  in  those  places  where  there  is  a  local  demand  for  coal, 
such  as  in  the  vicinity  of  active  mines,  the  value  of  a  near-by  deposit 
is  so  great  that  a  search  for  coal  in  the  adjacent  areas  of  Upper  Cre- 
taceous and  Eocene  rocks  is  not  only  warranted  but  necessary. 

MISCELLANEOUS  LOGALrriES. 

Schrader '  states  concerning  the  presence  of  coal  on  John  River: 

Goal  detritus  in  considerable  quantity  and  of  a  character  to  suggest  the  probable 
occurrence  of  coal  of  economic  value  somewhere  in  the  region  north  of  this  locality 
was  seen  in  the  John  River  gravels  near  the  base  of  the  Endicott  Mountains.  This 
coal  may  apparently  with  safety  be  called  a  good  grade  of  bituminous.  It  breaks 
with  conchoidal  fracture  and  has  a  bright  shiny  or  glossy  black  surface. 

This  coal  probably  comes  from  the  Bergman  group  of  rocks  along 
the  southern  flanks  of  the  mountains  and  has  the  same  relations  as 
the  coal  from  the  Kobuk  previously  described. 

In  the  ColviUe  basin  coal  has  been  reported  at  several  places.  The 
coal  deposits  seen  by  Schrader  in  the  Upper  Cretaceous  to  the  north 
of  the  moimtains  lie  outside  the  area  covered  by  this  report  and  their 
description  will  therefore  be  omitted.  According  to  lieut.  Howard,' 
coal  was  found  on  the  ColviUe  nearly  due  north  of  the  camp  of  August 
1  of  the  expedition  of  1911.    This  place  was  described  as  follows: 

During  the  forenoon  we  passed  a  hill  about  500  feet  in  elevation,  with  outcrops  of 
coal.    On  the  sides  of  this  hill  beyond  the  coal  were  also  found  pieces  of  a  substance 

1  Smith,  P.  S.,  and  Eekin,  H.  M.,  Bull.  U.  B.  Oeol.  Sunrey  No.  440,  p.  141. 

>  Schradtt,  F.  C,  op.  cit.,  p.  107. 

•  Btmuj,  Q.  IL,  NftTftl  explorations  In  Aladca,  1900,  p.  09. 
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vood  by  the  natives.    It  ma  hard,  brittle,  light  broim  in  color,  very  light  in 
t,  and  burned  readily,  giving  out  quantitiefl  of  gas.    This  material  was  scattered 
t  in  all  ahapee,  sizee,  and  quantities. 

In  the  Colville  basin,  according  to  Schrader/  two  prospectors  found 

on  the  Eillik  and  used  it  for  their  camp  fires.    Unfortunately 

ie  position  of  this  stream  and  its  coal  deposits  is  not  definitely 

WD,  diough  Schrader  indicates  that  the  Eillik  lies  somewhat  to 

ie  north  of  Chandler  Lake. 

F&rther  west,  in  the  Cape  Ldsbume  region,  coal  is  known  to  occur 

the  lower  Carboniferous  (Mississinpian)  rocks,  so  that  possibly 
deposits  may  occur  in  these  rocks  where  exposed  in  the  Noatak 
mi.  No  coal  beds  nor  even  coal  float  were  seen,  however,  and  it 
2^  probable  that  this  part  of  the  Mississippian  series  does  not  outcrop 
:^r  the  river. 

Near  the  mouth  of  the  Noatak,  not  far  from  the  camp  of  August  26, 
s  prospector  reported  finding  a  recent  deposit  of  material  that  he  has 
sed  as  fuel.  Specimens  from  this  place  show  a  dark-brown,  compact 
:iateriai  that  bums  readily  in  the  flame  of  a  match  and  gives  out  con- 
Merable  smoke  and  oil  but  leaves  practically  no  ash.  David  White, 
t!io  examined  the  material,  reports  that  the  specimen  is  composed 
^tirely  of  large  fern  spores  and  resembles  the  so-called  *' bogheads." 
^  deposit  was  not  seen  In  place  and  no  facts  as  to  its  extent  or 
relations  were  learned.  If  there  is  enough  of  it  the  deposit  should 
We  considerable  value  as  a  local  fuel. 

DBP08IT8  OF  OTHEB  HINEBAL8. 

In  addition  to  the  foregoing  deposits  there  are  others  of  lesser 
^nt  or  value  or  concerning  which  but  little  is  known.  Thus, 
^tibnite  is  said  to  have  been  found  in  certain  of  the  lodes  that  were 
noted  on  Alatna  River. 

LEAD. 

Galena  has  been  found  in  small  quantities  associated  with  the 
^pper  sulphides  at  both  Ruby  Creek  and  Aurora  Mountain  near 
Shungnak.  A  small  amount  of  vein  quartz  and  some  brecciated 
^d  recrystallized  dolomite  with  galena  was  seen  near  the  high  hill 
vest  of  Wesley  Creek  in  the  same  region.  A  shallow  prospect  hole 
W  been  sunk  on  this  stringer,  but  so  far  the  indications  are  not  at 
«1  promising. 

IBOK. 

At  places  in  the  Kobuk  region  magnetite  in  masses  as  much  as  a 
a^dred  pounds  or  so  in  weight  has  been  found  on  the  surface,  espe- 
^y  near  the  limestone  and  schist  contacts.  Float  of  this  sort  is 
particularly  abundant  on  the  slopes  of  the  sharp  conical  hill  locally 
blown  as  Iron  Mountain,  east  of  the  pass  between  Cosmos  Creek 
wid  the  left  fork  of  Ruby  Creek.     Specimens  from  this  place  show  a 

1 8chnid«r,  F.  C,  op.  dt,  p.  31. 
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neftiiy  pure  magnetite  wiih  here  and  there  dnisj  cavities  lined  mth 
small  octahedral  crystalfl  of  this  mineral.  As  the  magnetite  has  not 
been  seen  in  place,  speculation  as  to  its  origin  is  hardly  warranted. 
There  are  no  near-by  igneous  rocks,  so  it  seems  improbable  that  these 
bodies  are  due  to  contact-metamorphic  effects.  Owing  to  the  occur- 
rence of  limonite  and  hematite  bodies  in  similar  limestones  in  the 
Solomon  region  of  Seward  Peninsula,  a  tentative  suggestion  is  that  the 
magnetite  of  the  Shungnak  region  may  have  been  formed  by  the 
metamorphism  of  similar  iron  oxides  which  were  laid  down  either 
contemporaneously  with  the  inclosing  limestones  or  eaiiier  than  the 
^*eat  period  of  dynamic  metamorphism.  The  magnetite  shows  no 
signs  of  having  been  sheared,  so  it  must  have  been  either  entirely 
recrystallized  or  deposited  subsequent  to  the  period  of  regional 
deformation. 

Whatever  theory  of  origin  of  these  ores  proves  to  be  the  true 
explanation  probably  matters  little,  for  the  deposits  so  far  as  known 
have  but  slight  economic  value.  The  high  operating  costs,  coupled 
with  the  absence  of  large  ore  bodies,  will  necessarily,  deter  capital 
from  undertaking  their  development. 

ASBESTOS. 

Some  attempts  have  been  made  to  mine  asbestos  near  ^ungnak. 
This  mineral  is  found  in  more  or  less  close  association  with  the  green- 
stone intrusives.  Several  holes  have  been  made  in  ledges  of  this 
rock  on  the  east  side  of  Dahl  Creek  above  the  upper  placer  mines, 
and  samples  of  the  asbestos  have  been  submitted  to  manufacturers. 
It  is  reported,  however,  that  the  asbestos,  although  of  good  color, 
has  slight  tenacity,  so  it  is  not  suitable  for  making  high-grade  articles 
and  therefore  commands  a  low  price.  For  ordinary  purposes  this 
asbestos  is  well  suited,  but  the  small  amount  paid  for  this  grade  is 
not  sufficient  to  meet  the  transportation  charges.  Furthermore,  the 
qtlantity  so  far  discovered  is  small,  and  it  would  therefore  be  expen- 
sive to  mine. 

JADE. 

In  almost  all  the  streams  of  the  Shungnak  region  north  of  the 
Kobuk  bowlders  of  a  hard,  green,  slightly  translucent  rock  are  plen- 
tiful. These  are  commonly  called  jade,  but  this  determination  is 
probably  incorrect.  A  complete  examination  has  not  been  made, 
but  most  of  the  pieces  are  undoubtedly  serpentine,  others  are  green 
quartzite,  and  still  others  are  probably  nephrite.  The  last-named 
mineral  is  closely  akin  to  jadeite  but  is  an  amphibole  instead  of  a 
pyroxene.  The  two  may  usually  be  distinguished  with  the  hand 
lens  or  by  specific  gravity  tests,  for  jadeite  is  granular  and  has  a 
specific  gravity  from  3.01  to  3.32,  whereas  nephrite  is  fibrous  and 
has  a  specific  gravity  of  less  than  3.    None  of  the  nephrite  seen 
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OS  of  gem  qtiaUty.  l%e  imperfections  were  due  to  deavage,  which 
Hikes  the  rock  split  iato  thin  layers,  and  to  inclusions  of  other 
:imerab|  notably  magnetite,  which  spoil  the  translucency  and  give 
lie  stone  a  spotted  appearance. 

Stoney  coUected  specimens  of  the  jadelike  rock  and  submitted 
i^em  to  expert  examination.  The  report  describing  the  various 
^ples  is  as  follows:  ^ 

Arui^y$i$  ofjndefnm  Kobuk  hatin. 
(Analyst,  F.  W.  ClarkcJ 
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1      M^- 
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A.  Greeniah-giay,  splintery,  lamellar  in  structure. — ^This  sample  as  seen  in  the  slide 
^  by  ordinary  light  presents  a  uniformly  colorless  field  •!  a  homogeneous  non- 
^hroic  mineral  and  is  transversed  by  fine  wavy  rifts  running  aU  in  the  same 
is^ection.  The  inclosures  are  very  minute;  some  are  mere  dustlike  particles,  others' 
3°  distinctly  recognizable  as  limonite.  Between  crossed  nicols  the  entire  field  is 
^'•ered  with  very  indefinitely  outlined  areas,  which  are  alternately  light  and  dark  as 
^^  stage  is  revolved.  With  a  power  of  230  diameters  these  areas  are  seen  to  be  com- 
^  of  wavy  and  uneven  scales  and  bundles  of  fibers  so  interwoven  and  confused 
^  iu>  trustworthy  measurements  of  extinction  angles  are  obtainable.  Many  of  the 
^08  seem  to  extinguish  in  directions  approximately  parallel  with  their  leitgih;  but 
■lien  show  wide  angles.    ♦    ♦    ♦ 

^-  Like  A,  but  more  granular. — ^This  specimen  in  thin  section  and  by  ordinary 
^t  is  also  almost  colorless,  or  very  fointly  greenish  and  without  pleochroism.  It 
^  only  a  few  yellowish  and  ox>aqne  inclusions,  which  are  evidently  of  a  fetrugi- 
■"tt  nature.  Between  crossed  nicols  itexhibits  the  well-known  Depfaritic  structure^ 
idenae  aggregate  of  short  fibers  and  scales,  the  fibers  arranged  in  clusters,  or  ndiating 
^^^^  bundles  without  definite  boundanes,  which  meige  into  one  another  as  the 
^  is  revolved.  In  cases  where  these  bundles  are  composed  of  fibers  Ijring  approx- 
^tely  parallel,  angles  of  extinction  were  measured  varying  from  0^  to  15^. 

^  Paler,  nearly  white,  closer  grained. 

^'  Brownish,  highly  foliate. 

Several  attempts  to  deTelop  the  jade  in  the  Jade  Mountains  west 
*  ^bler  River  have  been  made,  but  so  far  unsuccessfully.  The 
^afl  and  controlled  market  for  this  mineral  and  the  inferior  quality 
^  tte  specimens  so  far  found,  together  with  the  high  mining  costs 
^e^table  in  this  rather  inaccessible  region,  will  probably  prevent 
.rfe  mining  in  these  hills  becoming  profitable  in  the  near  future. 

.'^ka,  F.  w.,  and  MflRiU,  G.  P.,  On  neplirlte  and  JadeitB:  Proo.  U.  B.  Nat.  Miu.,  vol.  11,  U88,pp. 
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CONCLTTBIONS  CONCEBNIKa  FT7TX7BB  MZinNa  DEVSLOFMENTB. 

The  foregoing  account  of  the  small  amount  of  mining  or  even  of 
prospecting  in  the  region  shows  that  the  investigation  has  not  been 
adequate  and  that  conclusions  at  the  present  time  regarding  the 
economic  resources  of  the  region  have  an  insufficient  basis  of  fact  and 
-are  to  be  regarded  as  little  more  than  tentative  suggestions.  It 
seems  worth  while,  however,  to  state  certain  observations  and  the 
deductions  made  from  them  in  order  that  the  available  information 
and  theory  concerning  this  little-known  region  may  be  at  the  disposal 
of  the  prospector  and  investor. 

From  what  has  been  said  of  the  general  geography  it  is  evident  that 
in  a  region  so  remote  and  so  difficult  of  access  and  having  a  climate 
so  severe,  the  costs  of  transportation,  supplies,  and  labor  are  neces- 
sarily high  and  will  not  materially  decrease  in  the  near  future.  Fish 
and  game  may  be  sufficient  for  the  need  of  the  prospector  for  short 
periods,  but  there  is  no  adequate  local  food  supply.  Even  wood  for 
fuel  is  absent  throughout  a  large  part  of  the  region  and  thnber  for  use 
in  TTiining  can  be  procured  only  in  a  rather,  small  area. 

Although  the  conmiercial  conditions  will  in  large  measure  determine 
the  future  development  of  the  Noatak-Kobuk  region,  the  present 
paper  deals  primarily  with  geologic  facts,  and  emphasis  has  here 
been  placed  upon  these. 

The  basis  of  the  first  mining  development  in  the  region  will  prob- 
ably be  gold-placer  deposits  rather  than  gold  lodes  or  veins  or  deposits 
of  other  minerals.  It  is  believed,  therefore,  that  the  regions  most 
worthy  of  prospecting  are  those  in  which  the  imdifferentiated  meta- 
morphic  schists  form  the  country  rock.  From  the  geologic  map 
(PI.  II)  it  may  be  seen  that  these  rocks  are  most  widely  distributed 
in  the  coimtry  between  the  Noatak  and  Kobuk  and  are  almost  absent 
north  of  the  Noatak  or  south  of  the  Kobuk.  The  intricate  structure 
of  the  region  and  the  small  scale  of  the  map  preclude  the  representa- 
tion of  all  the  details,  so  that  the  map  should  be  regarded  as  indi- 
cating only  the  larger  geologic  features  rather  than  detailed  facts 
having  but  local  si^iificance. 

Another  geologic  fact  of  importance  that  requires  much  study  is 
the  history  of  the  mineralized  region.  Much  of  the  area  of  the 
Noatak-Kobuk  region,  occupied  by  the  imdifferentiated  metamorphic 
schists,  is  a  highland  which  in  the  past  was  covered  with  snow  and  ice 
and  had  many  of  its  valleys  occupied  by  glaciers.  Under  such  con- 
ditions effective  sorting  was  reduced  to  a  minimum  and  previously 
formed  detritus  was  in  large  measure  removed.  This  material  was  so 
mixed  with  glacially  eroded  material  that  there  was  little  or  no  gravi- 
tative  sorting.  On  reaching  the  limits  of  glaciation  the  heterogeneous 
debris  was  deposited  as  the  ice  melted  and  was  distributed  by  streams. 
In  the  region  where  deposition  was  taking  place,  however,  concen- 
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tation  was  not  pronounced,  for  the  dominant  process  was  aggra- 
ation.  As  a  consequence,  although  a  large  amount  of  material  was 
ring  dumped  by  the  ice  and  spread  out  by  the  streams,  contiaued 
aiding  up  was  taking  place.  It  should  also  be  noted  that  the  ends 
•  the  glaciers  were  not  stationary,  but  advanced  and  retreated 
jiost  continually,  so  whatever  processes  of  concentration  took 
ice  at  tbe  front  were  weakened  by  being  dissipated  over  a  consid- 
ible  area. 

It  is  therefore  believed  that  in  the  distmctly  glacial  deposits  exten- 
"e  rich  placers  are  but  little  to  be  expected  or  would  have  such  an 
regular  distribution  that  they  would  be  difficult  to  mine  system- 
jcally.  Here  and  there  even  in  the  glaciated  areas,  possibly  some  au- 
ierouspreglacial  material  may  not  have  been  eroded.  Such  auriferous 
'posits,  however,  would  have  a  distinctly  local  distribution.  Some 
r^as  of  this  sort  may  also  be  preserved  in  protected  places  under  the 
imtle  of  outwash  material.  These  may  be  of  value  but  would  be 
:ncult  to  find  and  to  mine. 

With  the  close  of  the  period  of  maximum  glaciation  and  accom- 
inying  outwash  the  streams  intrenched  their  courses  in  the  earlier 
nvels  and  now  flow  at  many  places  in  rather  narrow  trenches  a 
jidred  or  more  feet  below  the  surface  of  these  deposits.  In  this 
tjcess  concentration  of  these  glaciofluviatUe  deposits  has  been 
itfcted,  but  whether  it  has  formed  placers  can  be  determined  only 
"  prospecting.  From  the  assumed  distribution  and  amoimt  of  gold 
.  the  outwash  deposits  it  is  probable  that  except  under  particularly 
iTorable  conditions  this  secondary  concentration  would  not  produce 
rry  rich  placers.  Places  which  should  be  examined  by  prospectors 
.-e  those  where  this  later  sorting  has  affected  deposits  formed  by  a 
ng-continued  stand  of  the  ice  ia  one  place  or  where  reconcentration 
:  material  from  early  nonglacial  deposits  subsequently  buried  by 
itwash  is  actively  ia  progress. 

In  spite  of  the  difficulties  that  handicap  immediate  development 
od  forbid  large  enterprises  dependent  on  quick  returns  on  their 
;Testinent,  it  is  believed  that  there  is  a  large  area  of  practically 
nknown  country  in  the  Noatak-Kobuk  region  that  warrants  inves- 
^tion  by  observant  prospectors  equipped  with  easily  transported, 
j&tively  inexpensive  outfits. 
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Biggins,  jr.    In  Bulletin  379,  1909,  pp.  87-96.    50  cents. 
•Gold  on  Prince  William  Sound,  by  U.  S.  Grant.    In  Bulletin  379,  1909,  p.  97.    50 

cents. 
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Geology  and  mineral  reeources  of  parts  of  Alaska  Peninsula,  by  W.  W.  Atwood.  Bui* 
letm  467,  1911,  137  pp. 

Outline  of  the  geology  and  mineral  resources  of  the  Iliamna  and  Clark  lakes  r^;ion,  hy 
G.  C.  Martin  and  F.  J.  Katz.    In  Bulletin  442, 1910,  pp.  179-200. 

A  geologic  reconnaissance  of  the  Iliamna  region,  Alaska.    Bulletin  485, 1912, 138  pp. 

Mineral  deposits  of  Kodiak  and  the  neighboring  islands,  by  G.  C.  Martin.  In  Bul- 
letin 642,  pp.  125-136. 

TOPOOBAPmc  MAPS. 

Herendeen  Bay  and  Unsa  Island  re^on,  reconnaissance  map;  scale,  1:260,000;  by 

H.  M.  Eakin.    In  Biilletin  467.    Not  issued  separately. 
Chignik  Bay  region,  reconnaissance  map;  scale,  1:260,000;  by  H.  M.  Eakin.     In 

Bulletin  467.    Not  issued  separately. 
Iliamna  re^on,  reconnaissance  map;  scale,  1:260,000;  by  D.  C.  Witherspoon  and 

C.  E.  Giffin.    In  Biilletin  485.    Not  issued  separately. 
*Kuskokwim  River  and  Bristol  Bay  region;  scale,  1:626,000;  by  W.  S.  Post.     In 

Twentieth  Annual  Report,  *pt.  7.    $1.80.    Not  issued  separately. 

TTTKOir  BA8XH. 

*The  coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.    Bulletin  218, 1903,  71  pp. 

16  cents. 
*The  gold  placers  of  the  Fortymile,  Birch  Creek,  and  Fairbanks  regions,  Alaska,  by 

L.  M.  Prindle.    Bulletin  251, 1906,  89  pp.    35  cents. 
Yukon  placer  fields,  by  L.  M.  Prindle.    In  Bulletin  284,  1906,  pp.  109-131. 
Reconnaissance  from  Circle  to  Fort  Hamlin,  by  R.  W.  Stone.    In  Bulletin  284, 1906, 

pD.  128-131. 
The  I  ukon-Tanana  region,  Alaska:    Description  of  Circle  quadrangle,  by  L.   M, 

Prindle.    Bulletin  &5,  1906,  27  pp. 
The  Bonnifield  and  Kantishna  regions,  by  L.  M.  Prindle.    In  Bulletin  314, 1907,  pp. 

205-226. 
The  Circle  precinct,  Alaska,  by  A.  H.  Brooks.    In  Bulletin  314, 1907.  pp.  187-204. 
^*The  Fairbanks  and  Rampart  Quadrangles,  Yukon-Tanana  imon,  Alaska,  by  L.  M. 
Prindle,  with  a  section  on  tne  Rampart  placers,  by  F.  L.  ^ss,  and  a  paper  on  the 
water  supply  of  the  Fairbanks  region  by  C.  C.  Covert.    Bulletin  337, 1908, 102  pp. 
26  cents. 
*Occurrence  of  gold  in  the  Yukon-Tanana  region,  by  L.  M.  Prindle.    In  Bulletin 

345. 1908,  pp.  179-186.    46  cents. 

*The  Fortymile  gold-placer  district,  by  L.  M.  Prindle.    In  Bulletin  345,  1908,  pp. 
187-197.    45  cents. 

♦Water-supply  investigations  in  Alaska,  1906-7,  by  F.  F.  Henshaw  and  C.  C.  Covert. 
Water^upply  Paper  218,  1908,  166  pp.    25  cents. 

♦Water  supply  of  the  Fairbanks  district  in  1907,  by  C.  C.  Covert.    In  Bulletin  346, 

1908,  pp.  198-206.    46  cents. 
The  Fortymile  quadrangle,  Yukon-Tanana  region,  Alaska,  by  L.  M.  Prindle.    Bul- 
letin 375,  1909,  62  pp. 
Water-supply  investi^tions  in  Yukon-Tanana  renon,   1907-8  (Fairbanks,  Circle, 
and  Rampart  districts),  by  C.  C.  Covertand  C.  E.  Ellsworth.     Water-Supply  Paper 

228. 1909,  108  np. 

*The  Fairbanks  gold-placer  region,  by  L.  M.  Prindle  and  F.  J.  Katz.    In  BuUedn 

879, 1909,  pp.  181-200.    60  cents. 
♦Water  supply  of  the  Yukon-Tanana  region,  1907-8,  by  C.  C.  Covert  and  C.  E.  Ells- 
worth.   In  Bulletin  379,  1909.  pp.  201-228.    60  cents. 
*Gold  placers  of  the  Ruby  Creek  district,  by  A.  G.  Maddren.    In  Bulletin  379,  1909, 

pp.  229-233.    60  cents. 
♦Placers  of  the  Gold  Hill  district,  by  A.  G.  Maddren.    In  Bulletin  379,  1909,  pp. 

234-237.    60  cents. 
♦Gold  placers  of  the  Innoko  district,  by  A.  G.  Maddren.    In  Bulletin  379,  1909,  pp. 

238-266.    60  cents. 
The  Innoko  gold-placer  district,  Alaska,  with  accounts  of  the  central  Kuakokwim 
Valley  and  the  Ruby  Creek  and  Gold  Hill  placers,  by  A.  G.  Maddren.    Bul- 
letin 410, 1910,  87  pp. 
Sketch  of  the  geology  ot  the  northeastern  part  of  the  Fairbanks  quadrangle,  by  L.  M. 

Prindle.    In  Bulletin  442,  1910  pp.  203-209. 
The  iuriferous  quarts  veins  of  the  Fairbanks  dif^trict,  by  L.  M.  Prindle.    In  Bulletin 

442,  1910,  pp.  210-229. 
Placer  mining  in  the  Yukon-Tanana  region,  by  C.  E.  Ellsworth.    In  Bulletin  442, 
1910,  pp.  230-246. 
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Occuirence  of  wolframite  and  caasitehte  in  the  gold  placere  of  Deadwood  Greek, 

Birch  Creek  district,  by  B.  L.  Johnson.     In  Bulletin  442,  1910,  pp.  24&-250. 
Water  supply  of  the  Yukon-Tanana  region,  by  C.  £.  Ellsworth.    In  Bulletin  442, 

1910,  pp.  251-283. 
The  Koyukuk-Chandalar  gold  region,  by  A.  G.  Maddren.    In  Bulletin  442, 1910,  pp. 

284-^15. 
Placer  mining  in  the  Yukon-Tanana  region,  by  C.  £.  Ellsworth  and  G.  L.  Parker.    In 

BuUetin  480, 1911,  p.  172. 
Water  supply  of  the  Yukon-Tanana  r^on,  1910,  by  C.  E.  EUsworth  and  G.  L.  Parker. 

In  Bulletin  480, 1911,  p.  217. 
)iineral  resources  of  the  Bonnifield  region,  by  8.  R.  Capps.    In  Bulletin  480, 1911, 

pp.  218-235. 
Gold  placer  mining  developments  in  the  Innoko-Iditarod  region,  by  A.  G.  Maddren. 

In  BuUetin  480,  1911,  p.  270. 
'Placer  mining  in  the  Forty  mile  and  Seventymile  river  districts,  by  E.  A.  Porter. 

In  Bulletin  520, 1912,  pp.  211-218.    50  cents. 
'Water  supply  of  the  Fortymile,  Seventymile,  and  Eagle  districts,  by  E.  A.  Porter. 

In  Bulletin  520, 1912,  pp.  219-239.    50  cents. 
'Placer  mining  in  the  Fairbanks  and  Circle  districts,  by  C.  £.  Ellsworth.    In  Bulletin 

520,  1912,  pp.  240-245.    50  cents. 
'Water  supply  of  the  Fairbanks,  Salchaket,  and  Circle  districts,  by  C.  E.  Ellsworth. 

In  Bulletin  520,  1912,  pp.  246-270.    50  cents. 
The  Bampart  and  Hot  Springs  r^ons,  by  H.  M.  Eakin.    In  Bulletin  520, 1012,  pp. 

271-286.    50  cents. 
The  Ruby  placer  district,  by  A.  G.  Maddren.    In  Bulletin  520,  1012,  pp.  287-296. 

60  cents. 
*Gold  placers  between  Woodchopper  and  Fourth  of  July  creeks,  upper  Yukon  River, 

bvL.M.PrindleandJ.B.Mertie.jr.  In  Bulletin  520, 1012,  pp.  201-210.  50cents. 
The  jBonnifield  region,  Alaska,  by  S.  R.  Capps.    Bulletin  501, 1912, 162  pp. 
A  geologic  reconnaissance  of  a  part  of  the  Rampart  quadrangle,  Alaska,  by  H.  M. 

£akin.    Bulletin  535,  1013,  3JS  pp. 
A  geologic  reconnaissance  of  the  Fairbanks  quadrangle,  Alaska^  bv  L.  M.  Prindle; 

with  a  detailed  description  of  the  Fairbanks  district  by  L.  M.  Aindle  and  F.  J. 

Katz  and  an  account  of  lode  mining  near  Fairbanks  by  P.  S.  Smith.    Bulletin 

525,  1913,  220  pp. 
The  Koyukuk-Chandalar  region,  Alaska,  by  A.  G.  Maddren.    Bulletin  532,  1013, 

110  pp. 
A  geologic  reconnaissance  of  the  Circle  quadrangle,  Alaska,  by  L.  M.  Prindle. 

Bulletin  538,1913,  82  pp. 
Lode  mining  near  Fairbuiks,  by  P.  S.  Smith.    In  Bulletin  542,  1013,  pp.  137-202. 
Placer  mining  in  the  Yukon-Tanana  region,  by  C.  E.  Ellsworth  and  R.  W.  Daven- 
port.   In  Bulletin  542,  1913,  pp.  203-222. 
Water  supply  of  the  Yukon-Tanana  region,  by  0.  E.  Ellsworth  and  R.  W.  Davenport. 

In  BiOIetin  542,  1913,  pp.  223-278. 
Goldplacers  of  the  Ruby  district,  by  H.  M.  Eakin.    In  Bulletin  542,  1913,  pp.  279- 

Gold  placers  of  the  Innoko-Iditarod  region,  by  H.  M.  Eakin.    In  Bulletin  542, 1913, 
pp.  293-303. 

In  preparation. 

The  Iditarod-Ruby  region,  Alaska,  by  H.  M.  Eakin. 

Surface  water  supply  of  the  Yukon-Tanana  r^on,  1907  to  1912,  by  C.  E.  Ellsworth 
and  R.  W.  Davenport. 

TOPOOBAPHIC  MAPS. 

Circle  Quadrangle  CSo.  641);  scale,  1:250,000;  by  T.  G.  Gerdine,  D.  C.  Witherspoon, 
and  others.    50  cents  each,  or  $15  for  50.    Also  in  Bulletin  295. 

Fairbanks  quadrangle  (No.  642);  scale,  1:250,000;  by  T.  G.  Gerdine,  D.  C.  Wither- 
spoon, R.  B.  Ouver,  and  J.  W.  Bagley.  50  cents  each,  or  $15  for  50.  Also  in  Bul- 
letins *337  (25  cents)  and  525. 

Fortymile  quadrangle  (No.  640);  scale,  1:250,000;  by  E.  C.  Barnard.  10  cents  each, 
or  13  for  50.    Also  in  Bulletin  875. 

Rampart  quadrangle  (No.  643);  scale,  1:250,000;  bv  D.  C.  Witherspoon  and  R.  B. 
Oliver.  20  cents  each,  or  $6  for  50.  Also  in  Bulletin  337,  and  part  in  Bulletin 
535. 

Fairbanks  special  (No.  642A);  scale,  1:62^:  b^  T.  G.  Gerdine  and  R.  H.  Sargent. 
20  cents  each,  or  |6  for  50.    Also  in  iBulletin  525. 

BonniiSeld  rM;ion;  scale,  1:250,000;  by  J.  W.  Bagley,  D.  C.  Witherepoon,  and  C.  E. 
Giffin.    In  Bulletin  501.    Not  isRied  separately. 
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In  preparation. 

Upper  Tanana  River  and  Ladue  Creek  region;  scale,  1:250,000;  by  D.  C.  Wither- 

spoon  and  J.  W.  Bagley. 
Iditarod-Ruby  region,  reconnaiaBance  map;  scale,  1:250,000;  by  C.  6.  Anderaon, 

W.  S.  Poet,  and  others. 
Middle  Kuakokwim  and  lower  Yukon  region;  scale,  1:500,000;  by  C.  G.  Anderson, 

W.  8.  Post,  and  others. 
Yukon-Tanana  region;  scale,  1:500,000;  r^ef  by  shading;  compiled  from  mape  by 

U.  S.  Geological  Survey  and  from  other  sources. 


BXPOBT8. 

*A  reconnaissance  of  the  Gape  Nome  and  adjacent  gold  fields  of  Seward  Peninsula, 
Alaska,  in  1900,  by  A.  H.  Brooks,  G.  B.  Richardson,  and  A.  J.  Collier.  In  a 
special  publication  entitled  '*  Reconnaissances  in  the  Cape  Nome  and  Norton 
Bay  regions,  Alaska,  in  1900,"  1901,  180  pp.  50  cents. 
*A  reconnaissance  in  the  Norton  Bay  region,  Alaska,  in  1900,  by  W.  C.  Mendenball. 
In  a  special  publication  entitled  '^  Reconnaissances  in  the  Cape  Nome  and 
Norton  Bay  r^ons.,  Alaska,  in  1900,"  1901,  38  pp.  50  cents. 
*A  reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J. 

Collier.    Professional  Paper  2,  1902,  70  pp.    30  cents. 
""The  tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier.    Bulletin  229,  1904, 

61  pp.    15  cents. 
*Recent  developments  of  AlaeAcan  tin  deposits,  by  A.  J.  Collier.    In  Bulletin  259, 

1905,  pp.  120-12Z.    15  cents. 
""The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  H.  Moffit.    Bul- 
letin 247,  1905,  85  pp.    40  cents. 
The  York  tin  region,  bvT.  L.  Hess.    In  Bulletin  284,  1906,  pp.  145-157. 
Gold  mining  on  Sewaid  Peninsula,  by  F.  H.  Moffit.    In  Bulletin  284, 1906,  pp.  132-141. 
The  Kougarok  renon,  by  A.  H.  Brooks.    In  Bulletin  314,  1907,  pp.  164-181. 
*Water  supply  of  Nome  r^on,  Seward  Peninsula,  Alaska,  1906,  by  J.  C.  Hoyt  and 

F.  F.  Henshaw.    Water-Supply  Paper  196,  1907,  52  pp.    15  cents. 
Water  supply  of  Nome  region,  Reward  Peninsula,  1906,  oy  J.  C.  Hoyt  and  F.  P, 

Henshaw.    In  Bulletin  314,  1907,  pp.  182-186. 
The  Nome  region,  by  F.  H.  Moffit.    In  Bulletin  314,  1907,  pp.  126-145. 
Gold  fields  of  Solomon  and  Niukluk  river  basins,  by  P.  6.  Smith.    In  Bulletin 

314,  1907,  pp.  146-156. 
Geology  and  mineral  resources  of  Iron  Creek,  by  P.  S.  Smith.     In  Bulletin  314, 

1907,  pp.  157-163. 

The  gold  placers  of  parts  of  Seward  Peninsula,  Alaska,  including  the  Nome,  Council, 
Kougarok,  Port  Clarence,  and  Goodhope  precincts,  by  A.  J.  Collier,  F.  L.  Hess, 
P.  S.  Smith,  and  A.*H.  Brooks.    Bulletin  328,  1908,  343  pp. 

♦Investigation  of  the  mineral  deposits  of  Seward  Peninsula,  by  P.  S.  Smith.    In 
Bulletin  345,  1908,  pp.  206-250.    45  cents. 

*The  Seward  Peninsula  tin  deposits,  by  Adolph  Knopf.    In  Bulletin  345,  1908, 
pp.  251-267.    45  cents. 

*The  mineral  deposits  of  the  Lost  River  and  Brooks  Mountain  region,  Seward  Penin- 
sula, by  Adolph  Knopf.    In  Bulletin  345,  1908,  pp.  268-271.    45  cents. 

♦Water  supply  of  tne  Nome  and  Kougarok  regions,  Seward  Peninsula,  in  1906-7,  by 
F.  F.  Henshaw.    In  Bulletin  345,  1908,  pp.  272-285.    45  cents. 

♦Water-supply  investigations  in  Alaska,  1906  and  1907  (Nome  and  Kougarok  regions, 
Seward  Peninsula;  Fairbanks  district,  Yukon-Tanana  region),  by  F.  F.  Henshaw 
and  C.  C.  Covert.    Water-Supply  Paper  218,  1908,  156  pp.    25  cents. 
Geolc^s^y  of  the  Seward  Peninsula  tm  deposits,  by  Adolph  Knopf.    Bulletin  358, 

1908.  72  pp. 

♦Recent  aevelopments  in  southern  Seward  Peninsula,  by  P.  S.  Smith.    In  Bulletin 

379,  1909,  pp.  267-301.    50  cents. 
•The  Iron  Creekregion,  by  P.  S.  Smith.    In  Bulletin  379, 1909,  pp.  302-354.    50  cents. 
♦Mining  in  the  Fairhaven  precinct,  by  F.  F.  Henshaw.    In  Bulletin  379,  1909, 

pp.  355-369.    50  cents. 
♦Water-supply  investigations  in  Seward  Peninsula  in  1908,  by  F.  F.  Henshaw.    In 

Bulletin  379, 1909,  pp.  370-401.    50  cents. 
Geology  and  mineral  resources  of  the  Solomon  and  Casadopaga  quadrangles,  Seward 

Penin.sula,  Alaska,  by  P.  S.  Smith.    Bulletin  433,  1910,  227  pp. 
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MinenJ  reeources  of  the  Nulato-Council  region,  by  P.  S.  Smith  and  H.  M.  Eakin. 
^   In  BuUetin  442,  1910,  pp.  316-352. 

Mining  in  Sewaid  Peninsula,  by  F.  F.  Henshaw.    In  Bulletin  442, 1910,  pp.  363-371. 
Water-supply  investigationB  in  Seward  Peninsula  in  1909,  by  F.  F.  Menudiaw.    In 

BuUetin  442, 1910,  pp.  372^13. 
A  geologic  reconnaissance  in  southeastern  Sewaid  Peninsula  and  the  Norton  Bay- 

Nukto  re^on,  by  P.  S.  Smith  and  H.  M.  Eakin.    Bulletin  449,  1911»  146  pp. 
^Notes  on  minuig  in  Seward  Peninsula,  by  P.  S.  Smith.    In  Bulletin  520,  1912,  pp. 

339-344.    50  cents. 
Geology  of  the  Nome  and  Grand  Central  quadrangles,  Alaska,  by  F.  H.  Moffit.    Bulle- 

tm  533, 1913, 140  pp. 


naissance  map.    Water-Supply  Paper  314,  1913,  317  pp.    45  cents. 

TOPOQRAPBIC  MAPS. 

*8ewBrd  Peninsula,  compiled  from  work  of  D.  C.  Witherspoon,  T.  G.  Gerdine,  and 
othera  of  the  (jeological  Survey,  and  all  available  sources;  scale,  1:500,000.  In 
*Water-Supplv  Paper  314.    45  cents.    Not  iasued  separately. 

Gteward  Peninsuk,  northeastern  portion:  reconnaissance  map  (No.  655);  scale, 
1:250,000;  by  D.  C.  Witherspoon  and  C.  E.  Hill.  50  cents  each,  or  $30  a  hundred. 
Also  in  Bulletin  247. 

Seward  Peninsula,  northwestern  portion,  reconnaissance  map  (No.  657);  scale, 
1:250,000:  by  T.  G.  Gerdine  and  D.  C.  Witherspoon.  50  cents  each,  or  |30  a  hun- 
dred.   Also  in  Bulletin  328. 

Seward  Peninsula,  southern  jportion,  reconnaissance  map  (No.  656);  scale,  1:250.000; 
by  E.  C.  Barnard,  T.  G.  (jrerdine,  and  others.  50  cents  each,  or  |30  a  hundred. 
Also  in  Bulletin  328. 

Sewaid  Peninsula,  southeastern  portion,  reconnaissance  map  (Nos.  655-656);  scale, 
1:250,000;  bv  E.  C.  Barnard,  u.  L.  Reabum,  H.  M.  Eakin,  and  others.  In  Bul- 
letin 449.    Not  issued  separately. 

Nulato-Norton  Bay  region  j  scale,  1:500,000;  by  P.  S.  Smith,  H.  M.  Eakin,  and  others. 
In  Bulletin  449.    Not  issued  separately. 

Grand  Central  quadrande  (No.  646A);  scale,  1:62,500;  by  T.  G.  Gerdine,  R.  B. 
Oliver,  and  W.  R.  Hill.    10  cents  each,  or  $3  for  50.    Also  in  Bulletin  533. 

Nome  quadrangle  (No.  646B);  scale,  1:62,500:  by  T.  G.  Gerdine,  R.  B.  Oliver,  and 
W.  R.  Hill.    10  cents  each,  or  |3  for  50.    Also  in  Bulletin  533. 

Gasadepaga  quadrangle  (No.  646C);  scale,  1:62,500;  by  T.  G.  Gerdine,  W.  B.  Corse, 
ana  B.  A.  Yoder.    10  cents  each,  or  $3  for  50.    Also  in  Bulletin  433. 

Solomon  auadraugle  (No.  646D);  scale,  1:62,500;  by  T.  G.  Gerdine,  W.  B.  Corse,  and 
B.  A.  Yoder.    10  cents  each,  or  |3  for  50.    Also  in  Bulletin  433. 

VOBTHZBV  AIJ18KA. 

REPORTS. 

*Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall, 

Kanuti,  Allen,  and  Kowak  rivers,  by  W.  C.  Mendenhall.    Professional  Paper  10, 

1902,  68  pp.    30  cents. 
*A  reconnaissance  in  northern  Alaska  across  the  Rocky  Mountains,  along  Koyukuk, 

John,  Anaktuvuk,  and  Colville  rivers,  and  the  Arctic  coast  to  Cape  Lisbume, 

in  1901,  by  F.  C.  Schrader,  with  notes  by  W.  J.  Peters.    Professional  Paper  20, 
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THE  CLASSIFICATION  OF  THE  PUBLIC  LANDS. 


By  George  Ons  Smith  and  others. 


THE  PURPOSE  OF  LAND  CLASSIFICATION. 

In  the  latter  half  of  the  nineteenth  century  the  spirit  of  the  public- 
land  laws  in  the  United  States  was  settlement  and  development 
With  a  public  domain  of  one  and  a  third  billion  acres,  acquired  in  the 
preceding  half  century — 1803-1853 — ^by  purchase,  discovery,  explora- 
tion, and  cession,  and  with  another  third  of  a  billion  acres  in  Alaska 
constituting  a  later  purchase,  the  Nation  felt  that  it  could  be  lavish 
with  its  lands.  The  wilderness  called  for  pioneers  of  every  type,  and 
large  premiums  were  held  out  to  capital  enterprise  and  individual 
initiative.  Development  was  desired  whatever  the  cost  in  lands  that 
were  intrinsically  of  little  value  without  settlement.  The  same  cen- 
tury that  saw  the  creation  of  this  national  domain — an  empire  in 
itself — also  witnessed  the  distribution  of  more  than  one-half  of  its 
acreage.  This  shrinkage  of  the  national  domain  has  naturally  been 
coincident  with  national  development  in  all  lines  of  industry.  West- 
em  prairies  have  become  the  world's  granary,  and  western  moun- 
tains, once  wholly  in  public  ownership,  are  now  contributing  to  their 
private  and  corporate  owners  the  profits  on  no  small  proportion  of 
the  world's  output  of  metals  and  of  mineral  fuels. 

With  advancing  years  a  wise  nation,  like  a  prudent  man,  learns 
to  husband  its  resources.  Land  values  are  now  recognized,  the  pur- 
pose in  both  legislation  and  administration  has  changed,  and  highest 
development  alone  is  sought.  With  the  most  and  the  best  of  the 
Nation's  land  already  alienated,  the  national  duty  is  to  put  to  its 
best  use  what  remains. 

Utilization  of  lands  for  their  greatest  value  necessitates  the  deter- 
mination of  that  value,  which  is,  briefly,  land  classification;  and, 
to  be  adequate,  land  classification  must  be  based  upon  first-hand 
acquaintance  with  the  particular  land  under  consideration.  With  a 
national  estate  including  country  ranging  from  salt-incrusted  deserts 
to  valleys  knee-deep  with  nutritious  grasses  or  giant  forests  almost 
impenetrable  because  of  luxuriant  undergrowth,  no  general  statutes 
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that  may  be  enacted  can  be  made  so  definite  as  not  to  require  the 
exercise  of  well-informed  judgment  in  their  execution.  To  this  end 
examination  and  classification  of  the  public  lands  constitute  an  initial 
step  in  their  disposition  for  development  and  settlement    That  a  few 

decades  ago  settlement  and  development  commonly  outstripped  clas- 
sification and  often  far  preceded  even  the  legal  disposition  of  the  land 
itself  is  no  good  reason  for  failure  to  follow  the  more  logical  pro- 
cedure now. 

The  principle  of  land  classification  is  inherent  in  many  of  the 
public-land  laws,  and  classification  of  lands  has  in  late  years  been 
specifically  recognized  by  Congress  as  a  step  indispensable  to  the  ad- 
ministration of  the  national  domain.  This  public  estate  is  even  now 
so  extensive  and  valuable  as  to  demand  a  business  policy.  Making 
allowance  for  the  alienated  lands  included  within  the  land  units  de- 
scribed in  the  various  coal-land  areas  withdrawn  by  executive  order 
for  classification,  and  also  estimating  the  expected  reduction  of  these 
withdrawals  by  classification  of  parts  of  them  as  noncoal  land,  the 
people  of  the  United  States  possess  to-day  44,000,000  acres  of  coal 
lands,  exclusive  of  the  Alaskan  coal  fields.  A  large  proportion  of 
this  acreage,  however,  is  underlain  by  the  lower-grade  coals.  In  the 
almost  equally  important  items  of  oil  and  phosphate  rock  the  exist- 
ing withdrawals  indicate  national  ownership  of  over  2,000,000  acres 
of  oil  and  gas  lands  and  nearly  3,000,000  acres  of  lands  which  will 
furnish  our  agricultural  regions  their  future  supply  of  mineral  phos- 
phate. Nor  have  all  the  agricultural  lands  been  alienated.  Public 
and  private  irrigation  projects  will  reclaim  several  millions  of  acres 
of  arid  land,  and  dry  farming  under  the  enlarged-homestead  act  will 
materially  add  to  the  area  of  farm  lands. 

To  insure  appropriate  disposition  and  to  secure  highest  use  of 

the  Nation's  lands,  scientific  land  classification  by  the  United  States 
Greological  Survey  has  been  made  an  integral  part  of  public-land 
administration.  Quantitative  knowledge  of  the  land  and  its  re- 
sources  is  now  made  a  preliminary,  first,  to  disposition  of  lands 
under  the  various  settlement  and  development  laws;  second,  to  reser- 
vation of  lands  from  present  acquisition  pending  the  enactment  of 
adequate  legislation;  and  third,  to  valuation  of  lands  under  a 
statute  which  provides  for  their  disposition  at  prices  expressing 
known  value. 

The  purpose  of  land  classification,  then,  is  highest  utilization,  and 
to  attain  this  end  it  has  been  necessary  to  coordinate  the  work  of 
scientific  investigation  with  the  administrative  functions  of  the 
Department  of  the  Interior.  The  large  partidpation  of  the  Geo- 
logical Survey  in  the  public-land  administration  has  naturally  pre- 
sented problems  involving  changes  both  in  office  and  field  organiza- 
tion and  in  executive  and  scientific  methods.    For  these  changes 
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there  has  been  little  or  no  precedent.  Scientists  and  public  men  of 
older  countries  have  been  outspoken  in  their  interest  in  this  new 
application  of  science  to  governmental  administration,  and  requests 
have  been  made  for  more  detailed  information  on  the  subject  than 
is  available  in  the  references  appearing  in  administrative  reports  of 
the  Secretary  of  the  Interior  and  his  subordinates. 

A  new  application  of  any  branch  of  science  necessarily  affects  the 
science  itself.  New  use  involves  added  requirements  and  in  turn  may 
contribute  in  by-products  even  more  than  it  demands.  The  general 
effect  of  this  direct  application  of  the  Geological  Survey's  investiga^ 
tive  work  to  large  problems  of  public  administration  is  believed  to 
have  been  beneficial  to  science  itself.  It  has  broadened  the  outlook 
of  the  investigator,  but  especially  it  has  demanded  that  results  be 
sought  which  are  quantitatively  exact  as  well  as  qualitatively  true. 

A  full  statement  of  the  policy  of  land  classification  and  a  detailed 
description  of  the  procedure  and  methods  so  far  found  necessary  to 
carry  out  that  policy,  in  the  stage  of  development  already  reached, 
are  presented  in  this  bulletin.  This  information  is  believed  to  be  of 
value  both  to  students  of  government  and  to  geologists  and  engineers 
interested  in  the  application  of  scientific  investigation  to  practical 
business.  The  historical  and  legal  phases  of  the  discussion  may  be 
of  greatest  interest  to  the  citizen  concerned  in  his  country's  highest 
development,  while  the  description  of  field  methods  should  be  of 
immediate  value  in  indicating  new  requirements  imposed  upon  sci- 
entific education,  for  details  of  this  business  policy  of  the  Govern- 
ment are  already  being  adopted  in  private  and  corporate  land  exam- 
inations. 

This  bulletin  represents  ccmtributions  by  many  authors — members 
of  the  land-classification  board  and  of  the  field  branches  of  the  Sur- 
vey. The  description  of  the  development  of  the  Survey's  organiza- 
tion for  land  classification,  which  immediately  follows  this  introduc- 
tion, was  written  by  W.  C.  Mendenhall,  who  as  chief  of  the  land- 
classification  board  has  been  directly  responsible  for  the  preparation 
of  the  bulletin.  The  discussion  of  the  history  and  legal  basis  of 
classification  was  prepared  by  M.  W.  Ball,  a  geologist  who  has  been 
identified  with  the  work  of  land  classification  from  its  beginning  and 
is  now  chairman  of  the  oil  section  of  the  board. 

The  chapter  on  the  classification  and  valuation  of  coal  land  was 
written  by  G.  H.  Ashley,  until  recently  State  geologist  of  Tennessee 
and  now  the  chairman  of  the  coal  section  of  the  land-classification 
board.  At  the  time  of  his  earlier  connection  with  the  Survey  Mr. 
Ashley,  who  has  made  a  special  study  of  coal  problems  in  both  the 
eastern  and  the  western  fields  of  the  United  States,  wrote  the  chapter 
on  "  The  value  of  coal  land  "  which  appears  in  Survey  Bulletin  424. 
In  the  preparation  of  the  present  paper  Mr.  Ashley  has  been  most 
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eflBciently  assisted  by  C.  E.  Lesher,  who  is  independently  responsible 
for  the  short  section  on  "  The  preparation  of  data  for  dassification." 
Mr.  Lesher  should  be  credited  with  many  of  the  office  methods  which 
facilitate  the  prompt  and  accurate  handling  of  data  contributed  by 
the  field  men  of  the  Survey. 

Field  methods  are  discussed  by  E.  G.  Woodruff,  C.  H.  Wegemann, 
R.  W.  Richards,  and  F.  R.  Clark,  all  of  whom  are  members  of  the 
geologic  branch  and  have  had  wide  experience  in  field  work  leading 
up  to  land  classification.  Under  the  topic  "  Oil  and  gas  lands,"  J.  D. 
Northrop,  who  has  had  experience  in  the  California  oil  fields,  and 
C.  H.  Wegemann,  a  geologist  of  broad  experience  in  the  Rocky 
Mountain  fields,  have  collaborated  in  the  discussion  of  the  geologic 
occurrence  of  oil  and  gas,  while  Mr.  Northrop  has  contributed  the 
section  on  classification.  In  a  similar  way,  under  "  Phosphate  lands," 
A.  R.  Schultz  and  R.  W.  Richards,  the  former  the  chairman  of  the 
phosphate  section  in  the  land-classification  board  and  the  latter  a 
geologist  who  has  worked  out  with  great  thoroughness  and  detail 
the  complicated  structural  problems  of  the  phosphate  fields  in  south- 
eastern Idaho  and  adjacent  parts  of  Wyoming,  have  collaborated  in 
the  general  discussion  of  phosphate  problems,  Mr.  Schultz  being  re- 
sponsible for  the  section  on  classification.  The  description  of  potash- 
bearing  lands  and  their  classification  is  the  joint  contribution  of  A.  R. 
Schultz  and  H.  S.  Gale,  Mr.  Gale  being  the  geologist  in  charge  of 
the  section  of  nonmetalliferous  deposits  of  the  geologic  branch.  E.  H. 
Finch,  of  the  land-classification  board,  who  has  been  closely  identi- 
fied with  the  cooperative  work  between  the  Survey  and  the  General 
Land  Office,  has  contributed  the  section  on  "  Miscellaneous  nonmetal- 
liferous lands,"  and  F.  C.  Calkins,  one  of  the  experienced  economic 
geologists  of  the  Survey,  who  has  had  much  to  do  with  the  classifi- 
cation of  the  lands  in  the  Northern  Pacific  grant,  has  written  the 
discussion  of  metalliferous  mineral  lands  and  the  problems  involved 
in  their  classification.  The  section  on  "  By-products  of  mineral-land 
classification  "  was  written  by  G.  S.  Rogers,  a  geologist  of  the  geo- 
logic branch,  whose  recent  work  has  been  done  in  the  western  coal 
fields. 

The  discussion  of  classification  in  relation  to  water  resources  has 
been  prepared  under  the  direction  of  N.  C.  Grover,  chief  engineer 
of  the  land-classification  board,  M.  O.  Leighton,  Herman  Stabler, 
E.  C.  La  Rue,  and  W.  B.  Heroy  collaborating.  Messrs.  Grover, 
Stabler,  and  Heroy  have  prepared  the  sections  relating  to  classifica- 
tion and  office  procedure,  while  Mr.  Leighton,  as  chief  of  the  water- 
resources  branch  of  the  Survey,  and  Mr.  La  Rue,  one  of  th^  ex- 
perienced field  engineers  of  that  branch,  have  cooperated  in  prepar- 
ing the  discussion  of  field  methods. 
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It  is  noteipeorthy  that  the  authors  of  the  sections  of  this  publica- 
tion describing  the  procedure  employed  in  the  work  have  themselves 
origiBated  for  the  most  part  the  methods  that  are  so  essential  to 
successful  and  authoritative  land  classification.  Mention  should  also 
be  made  here,  however,  of  the  important  part  played  by  A.  C.  Veatch, 
ihe  chairman  of  the  land-classification  board  at  the  time  of  its  organi- 
zation, by  C.  Willard  Hayes  and  Waldemar  Lindgren,  former  chief 
geologists  of  the  Survey,  and  by  M.  R.  Campbell,  who  has  been  in 
charge  of  the  geologic  work  in  the  western  coal  fields  continuously 
since  1906  and  has  supervised  the  preparation  of  the  sections  on 
geologic  field  methods  in  this  bulletin. 

DEVEIiOPMENT  OF  THE  SURVEY'S  ORGANIZATION  FOR 

IiAND  CLASSIFICATION. 

The  report  of  the  committee  of  the  National  Academy  of  Sciences 
on  the  surveys  of  the  Territories,  prepared  in  accordance  with  the 
terms  of  a  clause  in  the  sundry  civil  bill  approved  June  30,  1878 
(20  Stat.,  206,  230),  contains  these  statements  indicating  the  opinion 
of  the  committee  as  to  the  land-classification  functions  of  the  bureaus 
whose  organization  its  members  were  recommending: 

The  best  interests  of  the  public  domain  require,  for  the  purposes  of  Intelli- 
gent administration,  a  thorough  knowledge  of  its  geologic  structure,  natural 
resources,  and  products.  The  domain  embraces  a  vast  mineral  wealth  in  its 
soils,  metals,  salines,  stones,  clays,  etc.  To  meet  the  requirements  of  existing 
laws  in  the  disposition  of  the  agricultural,  mineral,  pastoral,  timber,  desert, 
and  swamp  lands,  a  thorough  investigation  and  classification  of  the  acreage  of 
the  public  domain  is  imperatively  demanded.    ^    ^    » 

The  Land  OfBce  shall  also  caU  upon  the  United  States  Geological  Survey  for 
aU  information  as  to  the  value  and  classification  of  lands.    ^    *    * 

The  publications  of  the  Geological  Survey  should  consist  of  an  annual  report 
of  operations,  geological  and  economic  maps  lUustrating  the  resources  and  classi- 
fication of  the  lands,  reports  upon  general  and  economic  geology  in  aU  its 
branches,  with  the  necessarily  connected  "paleontology. 

Maj.  J.  W.  Powell,  reporting  to  the  Secretary  of  the  Interior  on 
November  1,  1878,  in  response  to  the  request  of  the  acting  president 
of  the  National  Academy  of  Sciences  to  transmit  any  information 
available  in  the  Department  of  the  Interior  as  to  surveys  then  in 
existence,  after  listing  the  classes  of  lands  recognized  under  the  laws, 
adds  the  following  comment: 

An  examination  of  the  laws  ^  *  *  will  show  that  the  classes  of  lands 
mentioned  above  are  therein  recognised,  and  in  the  administration  of  the  laws 
relating  to  these  lands  those  belonging  to  each  specific  class  must  be  deter- 
mined ;  but  no  adequate  provision  is  made  for  securing  an  accurate  classifica- 
tion, and  to  a  large  extent  the  laws  are  inoperative  or  practically  void ;  for  ex- 
ample, coal  lands  should  be  sold  at  $10  or  $20  per  acre,  but,  the  department 
having  no  means  of  determining  what  lands  belong  to  this  class,  titles  to  coal 
lands  are  usuaUy  obtained  under  the  provisions  of  statutes  that  relate  to  lands 
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of  other  classes — ^that  is,  by  parchaslng  at  $1.25  per  acre,  or  by  homestead  or 
preemption  entry.  An  examination  of  the  laws  will  exhibit  this  fact — ^that  for 
the  classification  contemplated  therein  a  thorough  surrey  is  necessary,  ^brac- 
ing the  geological  and  physical  characteristics  of  the  entire  public  domain. 

After  extended  hearings  before  the  House  and  Senate  committees 
and  the  publication  of  many  documents  bearing  upon  the  questions 
involved,  Congress,  in  March,  1879,  agreed  upon  a  law  which  em- 
bodied the  recommendations  of  the  Academy  of  Sciences  for  the 
abolition  of  the  Territorial  surveys  and  the  establishment  of  the 
United  States  Geological  Survey  but  made  no  provision  for  the 
mensuration  survey  also  recommended  by  the  Academy. 

Under  the  law  approved  March  3,  1879  (20  Stat.,  377,  394),  estab- 
lishing the  office  of  Director  of  the  Geological  Survey,  it  is  pro- 
vided— 

That  this  officer  sbaU  have  the  direction  of  the  geological  surrey  and  the 
classification  of  the  public  lands  and  examination  of  the  geological  structure, 
mineral  resources,  and  products  of  the  national  domain. 

Clarence  King,  the  first  Director,  who  entered  upon  hia  duties 
May  24,  1879,  discusses  the  functions  of  the  then  newly  created 
organization  in  his  first  annual  report  to  the  Secretary  of  the  Inte- 
rior dated  November  1,  1880.    In  this  discussion  he  states  that — 

Two  special  and  distinct  branches  of  duty  are  imposed  upon  the  Director  of 
the  Geological  Suirey — (1)  the  classification  of  the  pubUc  land  and  (2)  the 
examination  of  the  geological  structure  and  mineral  resources. 

As  regards  the  classification  of  the  public  lands,  the  text  of  the  law  leaves 
an  uncertainty  whether  this  classification  is  intended  to  be  a  scientific  exposi- 
tion of  the  lEinds  of  lands  embraced  In  the  national  domain,  such  as  arable, 
irrigable,  timber,  desert,  mineral,  coal,  iron,  showing  the  practical  values  and 
adaptabilities  of  the  various  classes  or  Icinds  of  soil  and  surface,  or  whether, 
on  the  other  hand,  it  was  intended  to  furnish  a  basis  of  classification  upon  which 
the  Government  should  part  title  to  portions  of  the  public  domain.    *    ^    * 

Upon  examination  of  the  existing  land  system,  I  have  assumed  that  Congress, 
in  directing  me  to  make  a  classification  of  the  public  lands,  could  not  have  in- 
tended to  supersede  the  machinery  of  the  Land  Office  and  substitute  a  classifi- 
cation to  be  executed  by  another  bureau  of  the  Government  without  having 
distinctly  provided  for  the  necessary  changes  within  the  Land  Office  and  ad- 
justment of  relations  betv^een  the  two  bureaus.    *    *    * 

I  have  therefore  concluded  that  the  intention  of  Congress  was  to  begin  a 
rigid  scientific  classification  of  the  lands  of  the  national  domain,  not  for  pur- 
poses of  aiding  the  machinery  of  the  General  Land  Office  by  furnishing  a 
basis  of  sale,  but  for  the  general  information  of  the  people  of  the  country,  and 
to  produce  a  series  of  land  maps  which  should  show  all  those  features  upon 
which  intelligent  agriculturists,  miners,  engineers,  and  timbermen  might  here- 
after base  their  operations,  and  which  would  obviously  be  of  the  highest  value 
for  all  students  of  the  political  economy  and  resources  of  the  United  States. 
Studies  of  this  sort,  entirely  aside  from  the  administration  of  the  Land  Office, 
can  be  made  of  the  highest  practical  value;  and  to  tills  end  a  careful  beginning 
has  been  made. 
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This  interpretation  by  Director  King  of  the  duties  imposed  upon 
the  new  bureau  by  that  clause  in  the  organic  act  charging  him  with 
responsibility  for  the  dassificaticm  of  the  public  lands  prevailed  in 
part  until  about  1906,  when  the  pressing  need  of  the  Department  of 
the  Interior  for  an  adequate  classification  of  mineral  lands  for  pur- 
poses of  administration  led  to  a  revival  of  this  suspended  function 
of  the  Geological  Survey,  not,  as  Director  King  seemed  to  think 
necessary,  by  superseding  the  machinery  of  the  General  Land  Office, 
but  by  cooperation,  financial  and  administrative,  between  that  bu- 
reau and  the  Survey  and  by  a  series  of  orders  from  the  Secretary 

of  the  Interior,  to  whom  both  bureaus  report.  These  orders  so  de- 
fine the  part  that  each  is  to  bear  in  public-land  administration  as  to 
make  the  Survey  chiefly  responsible  for  the  physical  classifications. 
At  first  the  work  was  concentrated  largely  on  the  classification  and 
valuation  of  coal  land,  and  this  phase  continues  to  be  quantitatively 
the  most  important  In  the  Twenty-eighth  Annual  Report  of  the 
Survey,  for  the  fiscal  year  ended  June  30,  1907,  in  discussing  the 
work  on  the  coal  lands  Director  Smith  makes  this  statement : 

Special  InvestlgatlonB  were  conducted  last  year  to  determine  the  extent  of 
the  coal  lands  remaining  In  the  possession  of  the  Government  and  the  quality 
and  value  of  the  coal  deposits  on  these  public  landa  This  work  will  be  contin- 
ued on  a  larger  scale  and  under  a  more  comprehensive  plan.  Special  attention 
will  be  given  to  the  classification  and  valuation  of  the  coal  lands  and  their 
prompt  segregation  from  the  noncoal  lands.  This  -worlL  is  to  be  provided  for  by 
a  Joint  allotment  from  the  appropriations  for  the  geologic  and  topographic  sur- 
veys and  that  for  testing  coals  belonging  to  the  Ctovemment,  and  the  General 
Land  OfDce  is  also  cooperating. 

The  Twenty-ninth  Annual  Report  of  the  Survey,  for  the  fiscal  year 
ended  June  80,  1908,  includes  with  some  matter  on  the  special  fea- 
tures of  the  work  of  the  Survey  a  discussi<Mi  of  land  classification, 
which  contains  the  following  statement: 

In  the  last  few  years  the  Geological  Survey  has  broadened  the  scope  of  its 
work  in  the  class! flea tion  of  the  mineral  lands  of  the  public  domain.  At  the  time 
of  the  organization  of  the  Survey  the  classiflcation  intended  by  Ck>ngre88  was 
believed  to  be  general  in  character  and  such  as  could  be  expressed  on  maps 
Issued  for  the  general  information  of  the  people.  The  present  interpretation 
of  the  law  is  that  the  classification  should  be  more  definite,  and  therefore, 
during  the  Inst  year,  the  Survey  has  continued  its  e9)eclal  field  surveys  of  the 
coal  lands  belonging  to  the  Government.    ♦    ♦     ♦ 

Increased  demands  have  also  been  made  on  the  mining  geologists  of  the 
Sur^'cy  for  assistance  in  determining  the  mineral  or  nonmineral  character  of 
land  for  which  title  from  the  Government  Is  sought 

This  work,  which  has  become  an  increasingly  important  feature  of 
the  Survey's  activities,  was  definitely  recognized  by  the  organization, 
in  December,  1908,  of  a  land-classification  board  as  a  section  of  the 
geologic  branch,  and  by  the  reorganization  of  the  board  on  May  1, 
1912,  into  a  branch  coordinate  in  rank  with  the  other  Survey  branches. 
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The  Geological  Survey  has  been  in  existence  as  a  distinct  organi- 
zation for  about  84  years.  The  organizations  which  it  succeeded  and 
whose  functions  it  continued  to  perform  and  gradually  to  enlarge 
upon  as  new  duties  were  given  it  by  Congress  collected  engineering 
material  that  was  epitomized  in  topographic  maps  and  geologic  ma- 
terial that  appeared  either  as  geologic  maps,  as  reports  on  geologic 
problems,  or  as  data  on  the  mineral  resources  of  the  Territories. 
Early  in  the  Survey's  history  the  necessities  of  its  geologic  work 
required  the  organization  of  a  topographic  branch  for  the  prepara- 
tion of  base  maps.  Although  these  maps  were  intended  to  serve 
primarily  as  bases  on  which  to  delineate  and  present  geologic  mate- 
rial, they  have  proved  to  be  of  great  value  for  other  and  wider  uses. 
Not  the  least  of  these  uses  is  that  to  which  they  are  put  in  land 
classification.  The  thousands  of  maps  issued  are  graphic  engineer- 
ing reports  on  the  physical  and  cultural  features  of  the  areas  they 
represent.  They  are  essential  to  the  study  of  drainage  areas,  irriga- 
bility  of  lands,  possible  power  development,  and  rights  of  way,  and 
supplemental  sheets  now  prepared  give  additional  data  on  the  dis- 
tribution of  timber  and  of  springs,  of  desert  and  of  grass  land,  and 
of  cultivated  and  irrigated  areas. 

On  March  20, 1888,  Congress,  by  joint  resolution,  directed  the  Sec- 
retary of  the  Interior,  through  the  United  States  G^logical  Survey, 
to  make  a  special  investigation  of  the  practicability  of  constructing 
reservoirs  for  the  storage  of  water  in  the  arid  regions  of  the  United 
States.  This  work  was  supported  for  a  time  by  appropriations  but 
was  later  discontinued  by  Congress  after  many  reservoir  sites  had 
been  examined  and  segregated  and  a  number  of  reports  valuable  in 
the  classification  of  the  lands  of  the  arid  regions  had  been  published. 

After  the  irrigation  survey  was  abolished  the  division  of  hy- 
drography was  organized  within  the  Geological  Survey,  at  first  as 
a  part  of  the  topographic  branch  and  later  with  special  small  appro- 
priations, its  purpose  being  to  continue  that  part  of  the  work  of  the 
irrigation  survey  that  involved  Uie  study  of  the  available  water 
resources  of  the  Western  States  and  Territories.  As  the  value  of 
this  work  to  reclamation  became  manifest,  Congress  responded  by 
increasing  the  amount  of  the  funds  annually  available  for  this  pur- 
pose until  in  1903  they  reached  the  sum  of  $200,000  a  year. 

On  June  17,  1902,  the  reclamation  act  (32  Stat,  388)  was  passed. 
This  act  represented  the  culmination  toward  which  the  work  of  the 
division  of  hydrography  had  up  to  that  time  been  tending.  That 
work  gave  definite  information  as  to  available  supplies  of  water  and 
the  lands  on  which  the  water  could  be  used.  The  reclamation  act- 
authorized  the  construction  of  works  for  the  application  of  these 
waters  and  the  reclamation  of  the  tributary  lands.  But  the  reclama- 
tion fund  is  not  available  for  general  studies  of  water  supplies;  it  can 
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be  used  only  for  studies  of  water  available  for  use  on  specific  projects. 
The  work  of  the  division  of  hydrography  therefore  did  not  cease  with 
the  organization  of  the  Reclamation  Service  but  has  been  continued 
in  the  Geological  Survey  by  the  water-resources  branch. 

Developments  within  the  geologic  branch  since  its  organization 
have  likewise  marked  a  steady  evolution  from  its  original  type.  The 
branch  has  grown,  its  appropriations  and  its  force  have  increased, 
and  its  work  has  been  more  closely  subdivided  and  specialized  and 
has  attained  greater  refinement  in  all  departments;  and  while  this 
evolution  has  been  taking  place  it  has  steadily  accumulated  a  great 
mass  of  facts  bearing  on  the  geology  and  mineral  resources  of  the 
United  States. 

The  material  accumulated  since  their  organization  by  the  field 
branches  of  the  Survey — ^the  geologic  branch,  the  topographic  branch, 
the  water-resources  branch  and  its  predecessors,  the  irrigation  survey 
and  the  division  of  hydrography — constitutes  a  vast  body  of  infor- 
mation concerning  the  public  domain — its  geology,  its  geography, 
and  its  water  supplies  and  the  engineering  features  that  control  the 
distribution  of  these  supplies.  This  store  of  information  is  by  no 
means  complete,  for  many  problems  are  still  untouched  and  many 
areas  are  unexamined,  but  nevertheless  the  archives  of  the  bureau 
contain  a  greater  mass  of  material  of  the  kind  required  for  classify- 
ing the  remaining  lands  of  the  public  domain  into  types  that  accord 
with  their  various  uses  than  exists  anjrwhere  else  in  the^public  records. 

With  the  accumulation  of  the  data  indicated  the  Department  of 
the  Interior  and  its  bureaus  have  become  increasingly  ready  and  will- 
ing to  call  on  the  Survey  for  assistance  in  that  phase  of  public-land 
administration  which  requires  as  its  basis  a  classification  of  the 
lands  into  the  types  recognized  in  the  statutes. 

The  requests  made  by  the  department  for  information  contained 
in  the  Survey's  records  were  at  first  sporadic;  later  they  became 
more  frequent  and  numerous,  so  that  it  became  necessary  to  create 
within  the  Survey  itself  an  organization  to  assemble  this  informa- 
tion systematically  and  transmit  it  to  the  department  and  to  other 
bureaus  in  the  department  in  such  form  as  would  be  most  readily 
applicable  to  the  solution  of  administrative  problems.  This  organi- 
zation was  named  the  land-classification  board  and  was  first  formed 
as  a  section  of  the  geologic  branch  and  finally  made  a  branch  of  the 
Survey  coordinate  in  functions  and  responsibility  with  the  field 
branches  whose  evolution  has  been  briefly  outlined. 

The  Survey's  organization  for  classifying  the  public  lands  con- 
sists, then,  fundamentally  and  primarily,  of  three  field  branches — 
geologic,  topographic,  and  water  resources — and  finally  of  the  re- 
cently organized  office  branch  known  as  the  land-classification  board, 
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with  its  staff  of  geologists  and  engineers,  who  analyze  and  translate 
into  terms  of  public-land  administration  the  data  collected  by  the 
geologists  and  engineers  of  the  field  branches. 

In  its  organization  the  land-classification  board  is  in  a  sense  a 
replica  in  miniature  of  the  bureau  of  which  it  is  a  part.  It  consists 
of  two  divisions — a  division  of  mineral  classification  and  a  division 
of  hydrographic  classification.  The  first  corresponds  to  the  geologic 
branch  and  receives,  digests,  and  issues  as  land-classification  data 
the  material  collected  by  the  field  geologists;  the  second  bears  a  cor- 
responding relation  to  the  topographic  and  water-resources  branches 
and  similarly  utilizes  the  engineering  data  gathered  by  the  field  force 
of  those  branches.  Again,  the  division  of  mineral  classification  con- 
tains a  number  of  sections  which  correspond  closely  with  similar  sec- 
tions in  the  geologic  branch.  These  sections,  in  the  organization  as 
it  exists  at  present,  are  the  coal  section,  the  oil  section,  the  phosphate 
section,  and  the  metalliferous  section,  corresponding  roughly  to 
similar  sections  in  the  geologic  branch  as  well  as  to  the  principal  of 
the  natural  resources  with  which  the  board  deals. 

The  work  of  the  coal  section,  described  elsewhere  in  detail,  is 
to  define  the  principles  that  shall  control  coal-land  classification,  to 
determine  the  character  of  the  data  necessary  for  this  purpose,  to 
receive  these  data  as  collected  by  the  field  geologists  of  the  geologic 
branch,  and  to  make  and  promulgate  the  classifications  and  valuations 
by  the  use  of  these  data — ^this  in  accordance  with  principles  already 
carefully  defined.  The  coal  section  consists  of  a  chairman,  who  is 
a  member  of  the  land-classification  board  and  one  of  the  most  ex- 
perienced coal  geologists  of  the  Survey,  and  a  number  of  additional 
members,  who  are  familiar  with  coal  problems  and  are  chosen  usually 
from  the  geologic  branch,  although  some  have  been  chosen  from 
other  sections  of  the  board.  The  coal  section  thus  organized  holds 
frequent  sessions,  which  are  attended  by  coal  geologists  who  have 
data  to  present  for  consideration.  At  these  sessions  the  problems  that 
have  arisen  in  the  field  are  discussed  and  solved  in  accordance  with 
the  established  rules  of  the  board.  The  form  and  the  procedure  for 
the  submission  of  data,  including  data  for  classification  and  valua- 
tion, are  prescribed,  and  after  these  data  are  received  appropriate 
recommendations  are  made  to  the  Director  for  withdrawals  or  restora- 
tions, and  valuation  plats  are  prepared  for  his  approval  and  for 
promulgation  by  the  Commissioner  of  the  General  Land  Office. 

Each  step  of  these  various  processes  is  carefully  recorded,  in  order 
that  all  evidence  considered  and  all  action  taken  may  readily  be 
reviewed  at  any  future  time  should  questions  arise  as  to  the  correct- 
ness of  the  action  or  should  new  evidence  be  presented.  Thereafter 
when  reports  on  any  subdivision  classified  are  called  for  by  any 
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Government  department,  by  other  bureaus,  by  public  officials,  or  by 
citizens,  prompt  response  can  be  made  in  the  light  of  all  action  there- 
tofore taken  affecting  that  subdivision. 

Because  the  laws  applicable  to  coal  lands,  unlike  those  providing 
for  the  disposal  of  lands  containing  other  minerals,  authorize  not 
merely  the  classification  of  the  public  domain  as  coal  or  noncoal  land 
but  the  valuation  and  sale  of  the  coal  land  at  prices  to  be  fixed  in 
accordance  with  the  quantity,  quality,  and  accessibility  of  the  coal, 
more  complete  action  is  possible  in  dealing  with  coal  lands  than  with 
others,  and  the  very  completeness  of  action  required  involves  corre- 
spondingly difficult  problems. 

Similar  sections  have  been  organized  within  the  division  of  mineral 
classification  for  dealing  with  lands  that  may  contain  oil  and  gas, 
phosphate,  and  other  nonmetalliferous  minerals  and  for  such  limited 
and  special  classifications  of  metalliferous  land  as  are  required  by  law. 
The  organization  of  each  of  these  sections  is  similar  to  that  of  the 
coal  section,  and  the  action  taken  by  them  follows  similar  lines. 
Members  of  the  land-classification  board  act  as  chairmen  of  the  oil 
and  gas  section,  the  phosphate  section,  and  the  metalliferous  section. 
Other  members  of  the  sections  are  selected  from  geologists  who  are 
engaged  in  field  work  on  the  particular  resource  which  is  the  subject 
matter  of  the  board's  action. 

A  similar  but  less  formal  organization  has  been  effected  for  the 
division  of  hydrographic  classification.  This  division  deals  with 
those  phases  of  land  classification  that  depend  on  water  supply  and 
that  involve  the  solution  of  engineering  problems.  The  division's 
chief  task  is  the  classification  of  lands  according  to  their  irrigability 
and  their  power  value,  but  it  also  reports  on  various  complex  prob- 
lems which  are  involved  in  the  consideration  of  miscellaneous  rights 
of  way.  This  division  is  administered  by  the  chief  engineer  of  the 
board.  As  occasion  may  demand,  sections  are  organized  within  it 
for  disposing  of  the  various  problems  that  arise.  At  present  (1913) 
there  are  two  such  sections,  one  dealing  with  water  powers  and  the 
other  with  irrigation.  Each  section  consists  of  a  chairman  and  two 
or  more  additional  members,  usually  chosen  from  the  engineers  or 
hydrographic  geologists  of  the  water-resources  branch.  The  section 
thus  constitutes  a  committee  which,  like  the  sections  in  the  division 
of  mineral  classification,  may  give  preliminary  consideration  to  a 
problem  of  classification  (under  the  enlarged-homestead  act,  for 
example),  or  it  may  prepare  instructions  for  the  guidance  of  the 
field  engineer  or  geologist  and  later  give  consideration  to  the  data 
that  he  has  obtained  and  prepare  appropriate  recommendations.  The 
field  branch  with  which  these  sections  necessarily  maintain  closest 
relations  is  the  water-resources  branch,  although  their  relation  with 
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the  topographic  branch  is  but  little  less  close.  The  graphic  data 
on  drainage  areas,  stream  grades,  reservoir  sites,  and  general  topo- 
graphic features  which  result  from  the  work  of  the  topographic 
branch,  when  combined  with  the  data  on  water  supply  assembled 
by  the  water-resources  branch,  furnish  the  basis  for  determining  most 
irrigation  and  power  problems. 

In  addition  to  the  work  done  by  these  technical  divisions  and  sec- 
tions, certain  miscellaneous  duties  are  performed  by  means  of  a  less 
well-defined  administrative  division  of  the  board,  whose  functions 
are  closely  interwoven  with  those  of  the  technical  divisions  and  are 
participated  in  by  some  of  the  same  officers.  A  committee,  of  which 
the  secretary  of  the  board  is  chairman,  has  charge  of  the  filing  and 
docketing  system.  The  chairman  of  the  oil  section  is  responsible  for 
the  records  in  the  division  of  mineral  classification  and  for  the  details 
of  cooperation  with  the  Land  Office  and  the  Indian  Office;  the  chair- 
man of  the  water-power  section  is  chiefly  responsible  for  the  records 
in  the  division  of  hydrographic  classification. 

The  more  important  elements  in  the  organization  are  set  forth 
in  the  following  outline: 

LAin>-CLAA8IFICATI0N  BOABD. 

AdnUnistration. 

Ohief  of  board. 
Chief  engineer. 
Secretary. 

DMHon  of  nUneral  claaHflcation. 

A  geologist  in  eliarge. 
Goal  section. 
Oil  section. 
Phosphate  section. 
Metalliferous  section. 

Division  of  hydrographic  classiflcatum, 

A  chief  engineer  in  charge. 
Water-power  section. 
Irrigation  section. 

BISTORT   AND    liEGAL  BASIS    FOR   IiAND    CLASSIFICA- 
TION. 

IKTSODUCTIOK. 

Ever  since  the  policy  of  selling  the  lands  of  the  public  domain  as 
a  source  of  national  revenue  was  abandoned  and  the  contrary  policy 
of  so  disposing  of  them  as  to  promote  settlement  and  development 
was  adopted,  the  administration  of  the  land  laws  passed  by  Congress 
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has  required  a  segregation  of  the  lands  into  classes  according  with 
their  character.  It  is  apparent,  although  it  has  nowhere  been  ex- 
pressly stated  by  Congress,  that  the  fundamental  principle  guiding 
that  body  has  been  to  dispose  of  each  tract  of  the  public  domain  for 
the  use  to  which  it  is  best  adapted.  Thus  the  laws  have  provided 
that  agricultural  entry  should  not  be  made  upon  valuable  mineral 
lands,  that  lands  containing  deposits  of  coal  should  be  sold  only  as 
coal  lands,  and  so  on  for  all  other  classes  of  lands.  The  underlying 
theory  of  devoting  the  public  lands  to  their  highest  use  and  the 
consequent  necessity  for  classification  of  uses  may  easily  be  recognized 
from  a  study  of  the  brief  outline  of  the  more  important  existing  land 
laws  given  on  pages  20-^2. 

The  same  recognition  by  Congress  of  the  necessity  for  land  classifi- 
cation is  shown  by  numerous  acts  calling  for  ihe  classification  of 
specific  areas.  Nearly  every  law  providing  for  the  opening  of  an 
Indian  reservation  has  required  tlie  lands  to  be  classified  prior  to 
their  disposition.  The  act  of  February  26,  1895  (28  Stat.,  683), 
provides  and  appropriates  for  a  definite  classification  of  lands  within 
the  limits  of  the  Northern  Pacific  Railroad  grant  in  portions  of 
Montana  and  Idaho,  and  the  sundry  civil  bill  of  June  25,  1910  (36 
Stat.,  739),  makes  further  appropriation  for  the  same  purpose.  The 
act  of  October  2, 1888  (25  Stat.,  526),  makes  provision  for  a  classifica- 
tion that  was  not  necessary  to  the  administration  of  the  land  laws 
then  in  force  by  appropriating  $100,000  to  the  Geological  Survey 
"'  for  the  purpose  of  investigating  the  extent  to  which  the  arid  region 
of  the  United  States  can  be  redeemed  by  irrigation  and  the  segrega- 
tion of  the  irrigable  lands  in  such  arid  region  and  for  the  selection 
of  sites  for  reservoirs  and  other  hydraulic  works  necessary  for  the 
storage  and  utilization  of  water  for  irrigation  and  the  prevention  of 
floods  and  overflows." 

A  relatively  recent  indication  of  Congressional  belief  in  land 
classification  is  afforded  by  the  two  acts  of  June  25,  1910,  providing 
for  the  withdrawal  of  lands  from  entry,  the  one  of  public  lands,  the 
other  of  lands  in  Indian  reservations.  As  withdrawals  constitute  one 
step  in  the  process  of  classifying  the  public  domain,  the  passage  of 
bills  authorizing  withdrawals  clearly  reaffirms  the  established  policy 
of  land  classification.  One  of  these  acts  (36  Stat.,  847),  in  terms 
sanctions  the  claasification  of  lands,  providing — 

That  the  President  may  at  any  time,  in  bis  discretion,  temporarily  withdraw 
trom  settlement,  location,  sale,  or  entry  any  of  the  public  lands  of  the  United 
States,  including  the  District  of  Alaska,  and  reserve  the  same  for  water-power 
"ites,  irrigation,  clasaiflcatlon  of  lands,  or  other  public  purposes  to  be  specified 
ia  the  orders  of  withdrawals,  and  sucb  withdrawals  or  reservations  shall  remain 
^  force  until  revoiied  by  him  or  by  an  act  of  Congress. 
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The  other  (36  Stat.^  865)  provides— 

That  the  Secretary  of  the  Interior  be,  and  he  Is  hereby,  authorised,  in  his 
discretion,  to  reserve  from  location,  entry,  sale,  allotment,  or  other  appropria- 
tion any  lands  within  any  Indian  reservation^  valuable  for  power  or  reservoir 
sites,  or  which  may  be  necessary  for  use  in  connection  with  any  irrigation 
project  heretofore  or  hereafter  to  be  authorized  by  Congress. 

Thus  the  plain  intention  of  Congress  that  the  public  lands  shall 
be  classified  and  that  they  shall  be  disposed  of  in  accordance  with 
their  classification  is  shown  by  definite  provisions  for  the  classification 
of  certain  areas,  by  the  authorization  of  land  withdrawals,  and  by 
the  creation  of  an  organizaticm — ^the  Greological  Survey — among 
whose  prescribed  duties  the  classification  of  the  public  lands  is  spe- 
cifically stated.  But  were  there  none  of  these  evidences  the  fact  that 
Congress  has  consistently  recognized  the  necessity  for  the  classifica- 
tion of  public  lands  would  be  established  beyond  question  by  a  study 
of  the  land  laws^  which,  as  the  following  brief  outline  will  show, 
could  not  be  administered  without  some  sort  of  segregation  into 
classes.  This  outline  does  not  purport  to  set  forth  in  detail  all  the 
laws  under  which  disposition  is  made  of  the  public  lands;  it  only 
sketches  the  principal  features  of  the  more  important  laws. 

LAND  LAWS. 
GENERAL  DIVISIONS. 

The  land  laws  of  the  United  States  may  be  divided  into  two  dis- 
tinct classes — ^public-land  laws  and  land  grants.  The  first  are  general 
laws  providing  for  the  disposition  of  lands  to  any  duly  qualified 
person  who  may  wish  to  avail  himself  of  the  prescribed  conditions; 
the  second  are  special  laws  granting  certain  areas  to  specified  indi- 
viduals, corporations,  or  State  governments.  The  laws  of  each  of 
these  two  classes  may  in  turn  be  subdivided,  the  public-land  laws 
falling  loosely  under  the  headings  of  agricultural,  mineral,  and  coal 
land  laws  and  laws  relating  to  public  and  quasi-public  uses,  whereas 
land  grants  may  be  divided  into  grants  made  to  States  and  grants 
made  to  railroads. 

PUBLIC-LAND  LAWS. 


Purpose. — In  general,  the  purpose  of  the  laws  relating  to  agri- 
cultural land  is  to  promote  the  settlement  of  the  public  domain. 
The  principal  acts  are  those  providing  for  homesteads,  forest  home- 
steads, enlarged  homesteads,  desert-land  entries,  entries  under  the 
reclamation  act,  the  sale  of  isolated  tracts,  and  timber  and  stone 
entries.  Every  tract  of  land  to  which  these  laws  are  applied  must 
be  nonmineral  in  diaracter. 
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Homesteads. — ^The  homestead  act  was  passed  by  Congress  in  1862 
and  was  approved  by  President  Lincoln  on  May  20  of  that  year 
(Bev.  Stat,  2289-2803).  It  marked  the  final  abandonment  of  the 
policy  of  disposing  of  the  national  domain  as  a  means  of  providing 
public  revenue.  Until  1912  the  homesteader  was  required  to  estab- 
lish a  residence  on  his  land  and  to  reside  thereupon  for  a  period  of 
five  years.  No  definite  amount  of  cultivation  was  required,  but  the 
building  of  houses  and  bams  and  the  cultivation  of  a  part  or  all  of 
the  area  were  regarded  as  evidence  of  the  good  faith  of  the  entryman 
in  entering  the  land  for  the  purpose  of  building  a  home  for  himself, 
this  being  the  fundamental  object  of  the  homestead  act.  On  June 
6,  1912  (87  Stat.,  123),  the  law  was  amended  by  reducing  the  five 
years'  residence  theretofore  required  to  a  residence  of  three  years. 
The  requirement  as  to  residence  is  modified  by  what  is  known  as  the 
^commutation  clause''  (Rev.  Stat.,  2301,  as  amended  by  the  act  of 
March  3,  1891,  26  Stat.,  1098),  which  provides  that  after  14  months' 
residence  and  cultivation  title  may  be  obtained  by  paying  a  fixed 
price  per  acre,  this  price  being  either  $2.50  or  $1.25,  the  first  if  the 
land  is  within,  the  second  if  it  is  without  the  limits  of  a  railroad  grant. 
Homesteads  reserving  coal  or  oil  and  gas  to  the  Government  under 
the  acts  of  June  22,  1910  (36  Stat.,  583),  and  August  24,  1912  (37 
Stat,  496),  described  later  (p.  45),  may  not  be  commuted.  The 
amendment  of  June  6,  1912,  also  provides  that  the  entryman  must 
cultivate  ^^  not  less  than  one-sixteenth  of  the  area  of  his  entry  be- 
ginning with  the  second  year  of  the  entry  and  not  less  than  one- 
eighth  beginning  with  the  third  year  of  the  entry  and  until  final 
proof."  The  homestead  act  contains  the  clause  ^'nor  shall  any 
mineral  lands  be  liable  to  entry  and  settlement"  The  area  of  the 
homestead  is  restricted  to  160  acres. 

Forest  homesteads. — ^Lands  in  national  forests  are  not  in.  general 
open  io  agricultural  entry,  but  under  the  act  of  June  11,  1906  (34 
Stat.,  283),  forest-reserve  lands  which  are  chiefly  valuable  for  agri- 
culture, which  are  not  needed  for  public  purposes,  and  which,  in 
the  opinion  of  the  Secretary  of  Agriculture,  may  be  occupied  with- 
out injury  to  the  forest,  may  be  entered  under  the  homestead  laws. 
Application  for  a  particular  tract  desired?  whidi  must  not  exceed  160 
acres  in  area  nor  1  mile  in  length,  must  be  made  to  the  Secretary  of 
Agriculture.  The  land  is  then  examined  by  a  field  agent  of  the  Forest 
Service,  and  if  his  report  is  favorable  the  land  is  listed  to  the  Depart- 
ment of  the  Interior,  where  homestead  entry  is  allowed.  The  entry 
thereafter  proceeds  as  would  any  other  entry  under  the  homestead 
law,  but  no  commutation  is  permitted.    The  law  differs  from  all 

other  agricultural-land  laws  in  that  the  land  must  be  chiefly  valuable 
for  agriculture  and  that  the  entry  may  be  described  by  metes  and 
bounds  instead  of  by  legal  subdivisions  of  the  public-land  survey. 
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Erdarged  homesteads, — ^An  act  known  as  the  enlarged-homestead 
act,  approved  February  19,  1909  (35  Stat.,  639),  provides  that  in 
the  States  of  Colorado,  Montana,  Nevada,  Oregon,  Utah,  Washingt<m, 
Wyoming,  Arizona,  and  New  Mexico  a  homestead  entry  may  com- 
prise 320  acres  of  nonmineral  lands  which  have  been  designated  by 
the  Secretary  of  the  Interior  as  not  susceptible  of  successful  irriga- 
tion at  a  reasonable  cost  from  any  known  source  of  water  supply. 
On  June  17, 1910  (36  Stat,  531),  a  similar  act  was  approved  apply- 
ing to  Idaho,  and  on  June  13,  1912  (37  Stat.,  132),  one  applying  to 
California  and  North  Dakota.  The  requirements  as  to  residence  and 
cultivation  on  an  '^enlarged  homestead ''  are,  under  the  act  of  June  6, 
1912  (37  Stat.,  123),  the  same  as  those  for  other  homesteads,  but 
enlarged-homestead  entries  may  not  be  commuted  by  cash  paym^it. 
The  enlarged-homestead  acts  further  provide  that  tracts  in  the  States 
of  Utah  and  Idaho  which  have  not  upon  them  "  such  a  sufficient  supply 
of  water  suitable  for  domestic  purposes  as  would  make  continuous 
residence  upon  the  lands  possible  "  may  be  subject  to  entry  without  the 
necessity  of  residence,  but  one-eighth  of  the  area  of  the  entry  must 
be  cultivated  from  the  beginning  of  the  second  year  and  not  less  than 
one-fourth  from  the  beginning  of  the  third  year  until  final  proof  has 
been  submitted. 

Desert  land. — ^Under  the  desert-land  acts  entry  may  be  made  on 
lands  which,  by  reason  of  lack  of  rainfall^  will  not  produce  native 
hay  or  other  agricultural  crops  or  trees  without  irrigation.  Such 
lands  may  be  entered  by  irrigating  and  producing  crops  on  not 
less  than  one-eighth  of  the  area.  No  residence  is  required.  Any 
person  duly  qualified  may  enter  an  area  not  exceeding  320  acres  of 
such  lands.  It  should  be  noted,  however,  that  this  320-acre  area  is 
limited  by  the  fact  that  one  person  is  not  permitted  to  acquire  more 
than  320  acres  of  land  under  the  public-land  laws,  mineral  entries 
not  being  taken  into  account.  The  entryman  is  given  three  years 
in  which  to  reclaim  his  land,  which  must  be  nonmineral  in  character. 

Reclamation  axit. — Under  the  act  of  June  17,  1902  (32  Stat.,  388), 
the  Government  is  building  great  irrigation  projects  for  the  reclama- 
tion of  arid  and  semiarid  lands  iii  the  West.  Lands  thus  reclaimed, 
which  must  be  nonmineral  in  character,  may  be  entered  by  any  person 
qualified  to  make  a  homestead  entry.  The  enterable  area  is  not  more 
than  160  acres  but  is  different  in  the  different  projects  and  in  different 
parts  of  the  same  project.  No  charge  is  made  for  the  land,  but  the 
entryman  must  pay  his  proportional  part  of  the  cost  of  the  project 
in  ten  yearly  installments.  Three  years'  residence  on  the  land  is  re- 
quired, as  under  other  homestead  laws,  and  at  least  one-half  the  area 
of  the  entry  must  be  cultivated  before  title  can  be  obtained. 

Isolated  tracts. — Small  tracts  of  public  land  surrounded  by  lands 
which  have  already  been  entered  may  be  purchased  as  isolated  tracts 
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under  section  2455  of  the  Revised  Statutes  as  amended  by  the  act 
of  June  27,  1906  (34  Stat,  517).  Under  the  act  of  March  28,  1912 
(37  Stat.,  77),  mountainous  tracts  which  are  not  isolated  by  entered 
land  but  which  are  unfit  for  cultivation  may  be  purchased  by  the 
owner  of  adjoining;  land  in  the  same  manner  as  isolated  tracts.  A 
person  desiring  to  purchase  land  in  this  manner  files  with  the  local 
land  officers  an  application  to  purchase,  whereupon,  if  the  lands  are 
nonmineral  and  are  in  fact  isolated  or  mountainous,  a  public  sale  is 
advertised,  at  which  the  lands  are  sold  to  the  highest  bidder.  No 
residence  or  cultivation  is  necessary,  but  the  land  must  be  nonmineral. 
Timber  and  atone  lands. — ^The  foregoing  five  classes  of  laws  con- 
stitute the  principal  types  under  which  agricultural  entry  may  be 
made.  There  remains  a  sixth  class  of  considerable  importance,  which, 
while  applying  only  to  lands  more  valuable  for  other  purposes  than 
for  agriculture,  is  nevertheless  more  nearly  allied  to  the  agricultural 
laws  than  to  the  laws  relating  to  minerals,  coal,  or  quasi-public  uses. 
Under  the  act  of  June  3,  1878  (20  Stat.,  89),  and  acts  amendatory 
thereof  nonmineral  lands  which  are  valuable  chiefly  for  the  timber 
and  stone  thereon  and  which  are  unfit  for  cultivation  may  be  ap- 
praised and  sold  at  not  less  than  $2.50  per  acre.  Application  to 
purchase  is  made  in  a  manner  similar  to  that  required  by  the  laws 
relating  to  isolated  tracts,  but  there  is  no  public  sale.  There  is  instead 
an  appraisement  of  the  value  of  the  land  by  an  appraiser  designated 
by  the  Government,  and  the  lands  are  purchased  at  the  price  so  fixed. 


General  provisions, — ^The  mineral-land  laws  were  in  the  main  for- 
mulated in  the  10  years  between  1865  and  1875.  They  are  based 
fargely  on  local  mining  customs  which  had  attained  the  force  of  law 
in  the  mining  camps  on  the  public  domain.  Their  constant  purpose 
bas  been  to  promote  mineral  development.  The  act  of  May  10,  1872 
(Rev.  Stat,  2319),  provides  that  ^^all  valuable  mineral  deposits  in 
lands  belonging  to  the  United  States,  both  surveyed  and  unsurveyed, 
are  hereby  declared  to  be  free  and  open  to  exploration  and  purchase, 
*  *  *  by  citizens  of  the  United  States  and  those  who  have  declared 
their  intention  to  become  such."  No  important  amendment  of  the 
mining  laws  has  been  made  since  the  date  of  this  act  At  that  time 
the  known  deposits  of  importance  on  the  public  domain  comprised 
only  metalliferous  minerals,  and  the  laws  were  framed  with  such 
deposits  in  mind,  provision  being  made  for  two  classes  of  claims — 
lode  and  placer.  From  time  to  time  since  the  adoption  of  the  mining 
laws  one  and  another  nonmetallif  erous  mineral  has  become  important, 
and  its  entry  under  the  placer  law  has  been  authorized  by  Congress, 
which  has  thus  specially  provided  for  the  entry  of  lands  that  are 
chiefly  valuable  for  petroleum,  salines,  and  building  stone. 
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The  general  procedure  under  the  mineral-land  laws  is  the  same 
for  all  classes  of  deposits.  The  person  who  desires  to  obtain  mineral 
lands  must  first  make  a  discovery  of  valuable  mineral  within  the 
limits  of  the  claim  that  he  wishes  to  locate.  This  discovery,  as  in- 
terpreted by  the  Department  of  the  Interior  and  the  courts,  must  be 
such  a  showing  of  mineral  as  would  warrant  a  man  of  ordinary  pru- 
dence in  expending  his  time  and  labor  upon  the  claim  in  the  reason- 
able hope  and  expectation  of  developing  a  paying  mine  thereon, 
or,  as  expressed  in  one  of  the  latest  decisions  (40  L.  D.,  271)  in- 
terpreting the  lode  law,  ^^  there  must  be  actually  physically  exposed '' 
within  the  limits  of  the  claim  ^^  a  vein  or  lode  of  mineral-bearing 
rock  in  place,  possessing  in  and  of  itself  a  present  or  prospective 
value  for  mining  purposes."    The  method  of  location,  the  posting 

of  location  notices,  and  other  similar  matters  are  determined  by  the 
local  customs  or  miners'  rules  of  the  district  in  which  the  claim  is 
situated.  In  order  to  hold  a  claim  against  possible  adverse  claim- 
ants— ^in  other  words,  to  prevent  its  being  jumped — at  least  $100 
worth  of  work,  called  "  assessment  work/'  must  be  performed  on  it 
each  year.  After  $500  worth  of  assessment  work  has  been  done  and 
certain  requirements  as  to  recording  and  surveys  have  been  met,  the 
applicant,  on  payment  of  a  fixed  price  per  acre,  is  entitled  to  patent. 
Z<>rf^«.— Claims  for  veins  of  quartz  or  other  rock  in  place  are 

known  as  lode  claims  (Rev.  Stat.,  2320).  Their  size  is  governed  by 
the  rules  of  the  mining  district  in  which  they  are  situated  but  must 
not  exceed  600  feet  in  width  and  1,500  feet  in  length.  Claims  need 
not  conform  to  the  public-land  system  of  surveys  and  may  be  in  al- 
most any  shape,  provided  only  that  the  end  lines  of  each  claim  shall 
be  parallel.  When  patent  is  sought,  a  purchase  price  of  $5  an  acre 
must  be  paid. 

All  veins  that  come  to  the  surface  within  a  given  claim  are  the 
property  of  the  owner  of  that  claim  through  their  entire  depth 
(Rev.  Stat.,  2322)  but  only  for  such  portion  of  their  extent  as  lies 
between  the  end  lines  of  the  claim.  Thus  the  owner  of  the  outcrop 
or  apex  of  a  lode  may  follow  it  downward  indefinitely  so  long  as 
he  stays  within  his  end  lines  and  may  mine  it  without  regard  to  the 
ownership  of  the  land  imder  .which  it  passes.  This  provision,  which 
is  known  as  the  ^^law  of  the  apex,"  has  unquestionably  been  more 
provocative  of  litigation  than  any  other  provision  of  American  land 
law. 

The  lode  law  provides  also  for  the  discovery  in  driving  tunnels 
of  veins  not  outcropping  on  the  surface  and  not  previously  known  to 
exist.  It  grants  to  the  discoverers  the  right  to  1,500  feet  of  extent 
of  each  vein  so  discovered  within  3,000  feet  of  the  face  of  the  tunnel, 
with  the  same  apex  right  as  if  the  discovery  were  made  at  the 
surface.    Failure  for  six  months  to  prosecute  work  on  a  tunnel  acts 
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as  an  abandonment  of  the  right  to  veins  which  may  subsequently  be 
encountered. 

The  number  of  claims  which  may  be  entered  by  one  person  under 
the  lode  law  is  unlimited,  provided  he  does  the  necessary  assessment 
work  and  otherwise  complies  with  the  law  for  each  claim.  More- 
over, the  owner  of  a  group  of  claims  may  concentrate  his  assessment 
work  on  one  claim  of  the  group  if  such  work  tends  to  the  develop- 
ment of  every  claim  in  the  group. 

Placers. — ^The  placer  law,  which  was  approved  July  9,  1870  (16 
Stat,  217),  was  intended  to  apply  to  gold  and  silver  distributed 
through  deposits  of  sand  and  gravel.  As  at  that  date  there  were  no 
known  important  mineral  deposits  except  veins  and  placers,  the  law 
provides  (Rev.  Stat,  2329)  that  "placer"  claims  shall  include  "all 
forms  of  deposit,  excepting  veins  of  quartz  or  other  rock  in  place." 
These  placer  claims  are  subject  to  entry  and  patent  in  a  manner 
similar  to  lode  claims,  but  where  the  lands  have  been  surveyed  the 
claim  must  conform  to  the  legal  subdivisions  of  the  survey.  The 
purchase  price  is  $2.50  an  acre.  The  maximum  area  that  may  be 
included  in  one  claim  by  an  individual  is  20  acres,  although,  as  in 
lode  claims,  there  is  no  limit  to  the  number  of  claims  that  may  be 
entered.  An  association  may  enter  in  one  claim  an  area  equal  to  20 
acres  for  each  member  but  not  more  than  160  acres.  Only  one  dis- 
covery of  mineral  is  required  to  support  a  placer  location,  whether 
it  be  of  20  acres  by  an  individual  or  of  160  acres  by  an  association. 
The  applicant  for  a  placer  claim  must  make  affidavit  that  there  is 
not  within  the  limits  of  the  claim  any  valuable  vein  or  lode  and  also 
that  title  is  not  sought  in  order  to  control  watercourses  or  to  obtain 
valuable  timber.  The  assessment  work  on  each  claim,  whether  of 
20  or  160  acres,  must  amount  to  $100  a  year  and  to  $500  before  patent 
may  be  issued.  On  placer  as  on  lode  claims  annual  assessment  work 
to  the  amount  of  $100  for  each  claim  in  a  group  may  be  done  on  any 
one  of  the  claims  in  the  group,  provided  it  tends  to  the  exploration 
or  de^'elopment  of  all. 

Building  atone.— By  the  act  of  August  4,  1892  (27  Stat,  348),  the 
placer  law  was  extended  to  apply  to  lands  chiefly  valuable  for  build- 
ing stone.  The  requirements  as  to  discovery,  assessment  work,  area, 
and  price  are  the  same  as  for  other  placers.  It  is  to  be  noted  that 
in  this  act  the  factor  of  relative  value  was  for  the  first  time  specifically 
introduced  into  mineral-land  law.  The  earlier  laws  provide  for 
mineral  entry  on  lands  which  are  valuable  for  their  mineral  deposits. 
It  has  been  argued  that  only  lands  whose  mineral  value  is  greater 
than  their  agricultural  value  are  properly  enterable  as  mineral  land, 
and  the  decisions  of  the  department  and  the  courts  can  not  be  said 
to  have  settled  the  matter  conclusively.    In  the  building-stone  and 
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subsequent  extensions  of  the  placer  law,  however,  it  is  specifically 
stated  that  the  lands  must  be  chiefly  valuable  for  the  mineral  upon 
whose  discovery  the  claim  is  based. 

This  extension  of  the  placer  law.  to  cover  building  stone  neither 
repealed  nor  conflicts  with  the  timber  and  stone  act  of  June  3,  1878 
(20  Stat.,  89),  already  discussed.  Thus  lands  chiefly  valuable  for 
building  stone  may  be  purchased  at  an  appraised  value  not  less  than 
$2.50  per  acre  or  may  be  entered  under  the  placer  law  and  patented 
after  the  completion  of  the  required  amount  of  assessment  work,  on 
payment  of  $2.50  per  acre. 

Oil. — About  a  quarter  of  a  century  after  the  passage  of  the  placer 
law  valuable  deposits  of  petroleum  were  discovered  on  public  lands. 
The  discoverers,  finding  themselves  without  an  appropriate  law  un- 
der which  to  apply  for  a  patent,  made  application  under  the  placer 
law — not  because  it  was  fitted  to  the  needs  of  the  situation  but  be* 
cause  of  its  general  provision  that  all  forms  of  deposit  excepting 
veins  of  quartz  or  other  rock  in  place  should  be  entered  thereunder. 
The  Department  of  the  Interior,  recognizing  the  undesirability  of 
applying  the  placer  law  to  oil  and  gas,  refused  to  allow  the  applica- 
tions. On  an  appeal  to  Congress  for  relief,  the  act  of  February  11, 
1897  (29  Stat.,  526) ,  was  passed,  providing  that  lands  chiefly  valuable 
for  petroleum  and  other  mineral  oils  should  be  enterable  under  the 
placer  law.  On  February  12,  1903  (32  Stat.,  825),  specific  authority 
was  granted  for  doing  assessment  work  on  any  one  of  a  group  of  oil 
claims  lying  contiguous  and  owned  by  the  same  person  or  corpora- 
tion, not  exceeding  five  claims  in  all,  provided  that  such  assessment 
work  tends  to  develop  or  determine  the  oil-bearing  character  of  all 
the  claims.  The  requirement  of  discovery  of  valuable  minerals  as  a 
prerequisite  to  location — ^a  requirement  reasonable  enough  when  ap- 
plied to  veins  outcropping  at  the  surface  or  to  gold  placers — \s 
applied  as  rigidly  to  deposits  of  oil  and  gas,  which,  as  a  rule,  can  be 
discovered  only  after  long  and  expensive  exploration,  as  to  other 
minerals.  Lands  included  in  petroleum  placers,  like  those  entered 
for  building  stone,  must  be  chiefly  valuable  for  the  purpose  for  which 
they  are  claimed. 

iaZin€«.— The  act  of  January  31,  1901  (31  Stat.,  745),  extends 
the  placer  law  to  cover  lands  that  contain  salt  springs  or  deposits 
of  salt  in  any  form  and  that  are  chiefly  valuable  therefor.  This  has 
been  interpreted  as  including  only  sodium  chloride,  no  specific  pro- 
vision having  been  made  for  other  soluble  salts.  The  requirements  as 
to  area,  assessment  work,  and  price  are  those  contained  in  the  original 
placer  law,  except  that  the  same  person  may  not  locate  or  enter  more 
than  one  daim.  The  consideration  of  relative  worth  is  again  intro- 
duced. 
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The  law  under  which  disposition  is  made  of  coal  differs  so  radi- 
cally from  the  laws  regarding  other  minerals  that  it  is  not  ordinarily 
classed  with  the  mineral-land  laws.  It  was  approved  March  3,  1873 
(17  Stat.,  607),  and  was  incorporated  into  the  Revised  Statutes  as 
sections  2347  to  2352.  Any  qualified  person  may  purchase  an  area 
of  coal  land  not  exceeding  160  acre^  on  payment  of  not  less  than  $10 
an  acre  if  the  land  is  more  than  15  miles  from  a  railroad  and 
not  less  than  $20  an  acre  if  the  land  is  within  15  miles  of  a^  railroad. 
An  association  of  persons  severally  qualified  may  purchase  320  acres. 
An  association  of  four  or  more  persons  who  have  opened  and  im- 
proved a  coal  mine  upon  the  public  lands  and  have  expended  not  less 
than  $5,000  in  working  and  improving  it  may  enter  an  area  not  ex- 
ceeding 640  acres.  No  person  may  make  more  than  one  coal  entry, 
either  individually  or  as  a  member  of  an  association,  and  no  asso- 
ciation any  member  of  which  has  previously  exhausted  his  coal  right 
may  purchase  coal  land.  A  person  or  association  opening  a  mine 
on  the  public  lands  is  entitled  to  a  preference  right  of  entry  for  the 
lands  on  which  the  mine  is  situated,  provided  that  a  "  coal  declara- 
tory statement "  is  filed  within  60  days  from  the  initial  date  of 
actual  possession  and  the  commencement  of  improvements  upon  the 
land.  This  preference  right  is  good  for  one  year  only.  The  opera- 
tion of  the  law  is  restricted  to  surveyed  lands,  which  must  not  be 
valuable  for  their  content  of  gold,  silver,  or  copper. 

For  over  30  years  after  the  passage  of  this  law  all  coal  lands  were 
sold  at  the  minimum  prices  of  $10  and  $20  an  acre  prescribed  by  the 
statute.  Since  1907  the  selling  prices  have  been  fixed  by  the  Geo- 
logical Survey  and  have  ranged  from  the  minimum  prices  up  to  $600 
an  acre. 

LAWS  aSI.ATIKO  TO  FUBZiIO  AXm   QUABI-FUBIiZO  Xms.     . 

The  laws  governing  public  and  quasi-public  uses  of  land  differ 
from  the  other  laws  imder  discussion  in  that  they  provide  for  the 
use  of  rights  of  way  for  various  specified  purposes  and  do  not  con- 
template the  transfer  to  the  beneficiaries  thereunder  of  fee  title  to 
the  land  affected. 

Railroads.— Bj  the  act  of  Marcli  3,  1875  (18  Stat.,  482),  Congress 
granted  to  railroad  companies  right  of  way  to  the  extent  of  100  feet 
on  each  side  of  the  center  line  of  a  proposed  railroad  through  the 
public  lands,  under  prescribed  conditions.  Upon  the  approval  by 
the  Secretary  of  the  Interior  of  the  location  map  filed  by  any  rail- 
road company,  the  road  as  located  is  noted  on  the  plats  in  the  Gen- 
eral and  local  land  offices,  and  thereafter  all  public  land  over  which 
such  right  of  Way  passes  is  disposed  of  subject  to  such  right  of  way. 
By  act  of  March  2, 1899  (30  Stat,  990),  Congress  provided  for  similar 
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rights  of  way  across  Indian  reservations,  and  by  the  act  of  March 
3,  1899  (30  Stat.,  1233),  the  Secretary  of  the  Interior  was  authorized 
to  approve  rights  of  way  for  wagon  road,  railroad,  or  other  highway 
across  any  forest  reservation  or  reservoir  site  when  in  his  judgment 
the  public  interest  would  not  be  injuriously  affected  thereby. 

Irrigation.— By  act  of  March  3,  1891  (26  Stat.,  1095),  Congress 
granted  to  canal  and  ditch  companies  formed  for  the  purpose  of 
irrigation  the  right  of  way  for  canals,  ditches,  and  reservoirs  to  the 
extent  of  the  ground  occupied  and  50  feet  on  each  side  of  the  mar- 
ginal limits  thereof,  across  public  lands  and  reservations,  provided 
that  no  such  right  of  way  shall  be  so  located  as  to  interfere  with  the 
proper  occupation  by  the  Grovemment  of  any  such  reservation  and 
that  all  maps  of  location  shall  be  subject  to  the  approval  of  the 
department  of  the  Government  having  jurisdiction  over  such  reserva- 
tion. Upon  the  approval  by  the  Secretary  of  the  Interior  of  the 
location  map  the  right*  of  way  is  noted  on  the  plats  in  the  General 
and  local  land  offices  and  thereafter  all  public  land  over  which  the 
right  of  way  passes  is  disposed  of  subject  to  such  right  of  way.  By 
act  of  May  11,  1898  (30  Stat.,  404),  the  use  which  may  be  made  of 
the  canals,  ditches,  and  reservoirs  for  which  right  of  way  is  secured 
under  the  act  of  1891  was  extended  to  include  purposes  of  a  public 
nature,  water  transportation,  domestic  purposes,  and  the  develop-' 
ment  of  power,  as  subsidiary  to  the  main  purpose  of  irrigation.  The 
act  of  February  15,  1901  (31  Stat,  790),  which  provides  for  the 
issuance  of  revocable  permits  for  the  development  of  power,  covers 
also  canals,  ditches,  pipes  and  pipe  lines,  flumes,  tunnels,  or  other 
water  conduits  and  water  plants,  dams,  and  reservoirs  used  to  pro- 
mote irrigation. 

Power. — ^Power  development  on  the  public  lands  and  reservations 
can  at  this  time  (February,  1913)  be  accomplished  only  under  the 
act  of  February  15,  1901  (31  Stat.,  790),  except  that  power  develop- 
ment subsidiary  to  the  main  purpose  of  irrigation  may  be  made 
imder  the  irrigation  acts  and  that  power  development  on  national  for- 
ests for  mining,  milling,  and  municipal  purposes  may  be  made  under 
the  act  of  February  1, 1905  (33  Stat.,  628).  The  act  of  February  15, 
1901,  authorizes  the  Secretary  of  the  Interior  to  issue  revocable  per- 
mits, imder  general  regulations  to  be  fixed  by  him,  for  rights  of  way 
for  electrical  plants,  poles,  and  lines  for  the  generation  and  distri- 
bution of  electrical  power  to  the  extent  of  the  ground  occupied  by 
the  works  and  not  to  exceed  50  feet  on  each  side  of  the  marginal 
limits  thereof.  The  law  provides  that  permits  issued  under  this  act 
shall  not  be  held  to  confer  any  right,  easement,  or  interest  in,  to,  or 
over  any  public  land,  reservation,  or  park.  The  act  of  March  4, 1911 
(36  Stat.,  1253),  authorizes  the  head  of  the  department  having 
jurisdiction  over  the  lands  to  grant  rights  of  way  for  a  period  not 
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exceeding  50  years  upon  the  public  lands,  national  forests,  and  reser- 
vations for  poles  and  lines  for  the  transmission  and  distribution  of 
electrical  power,  to  the  extent  of  20  feet  on  each  side  of  the  center 
line. 

Mifdng  and  milling.— The  act  of  February  1,  1906  (83  Stat.,  628), 
grants  rights  of  way  within  or  across  national  forests  for  dams, 
reservoirs,  water  plants,  ditches,  flumes,  pipes,  tunnels,  and  canals 
for  mining  purposes  and  for  the  purposes  of  the  milling  and  reduc- 
tion of  ores.  Outside  of  the  national  forests  the  use  of  similar  rights 
of  way  for  these  purposes  may  be  made  only  under  revocable  permit 
under  the  act  of  February  15, 1901. 

Municipal  uses. — ^Rights  of  way  for  municipal  use  for  procuring 
water  supply  or  for  developing  power  may  be  obtained  within  a 
national  forest  under  the  act  of  February  1, 1905,  and  outside  of  the 
forests  under  the  act  of  February  15,  1901. 

LAND  GRANTS. 
Q&AJIT8   TO   BTAnH. 

In  aid  of  schools  aiid  State  institutions. — ^The  Congress  of  the  Con- 
federation, about  1785,  declared  that  to  each  State  created  out  of 
the  public  domain  there  should  be  given  a  certain  portion  of  each 
township  in  the  State,  the  proceeds  derived  therefrom  to  be  used  for 
public  education.  Accordingly,  when  the  first  State,  Ohio,  was  ad- 
mitted into  the  Union  from  the  public  domain,  April  30,  1802  (2 
Stat.,  173),  sec.  16  of  each  township  was  granted  for  the  estab- 
lishment of  a  school  fund.  As  other  States  have  been  admitted  this 
practice  has  been  deviated  from  only  in  adding  to  the  acreage 
granted.  Sec.  16  has  been  a  school  section  in  every  public-land 
State;  to  this  sec.  36  has  been  added  in  many  States,  and  in  some 
States  sees.  2,  32,  and  36.  The  title  of  the  State  to  these  sections 
attaches  immediately  upon  survey,  unless  the  lands  are  at  that  date 
known  to  be  mineral  in  character  or  are  included  in  a  valid  settle- 
ment or  other  claim  under  the  public-land  laws  or  are  within  a  forest, 
military,  Indian,  or  other  reservation.  In  any  of  these  contingen- 
cies the  State  does  not  obtain  title,  but  may  select  an  equal  area  of 
nonmineral  lands  elsewhere.  These  are  known  as  indemnity  lands. 
As  a  rule  they  are  not  at  once  selected  by  the  States  but  are  selected 
only  as  the  demand  for  specific  lands  arises. 

In  addition  to  granting  school  lands  in  place  and  their  associated 
indemnity  lands,  Congress  has  made  to  certain  States  "quantity 
grants  " — that  is,  grants  of  specified  quantities  of  nonmineral  lands 
wherever  the  State  may  choose  to  select  them — in  aid  of  State  insti- 
tutions, such,  for  example,  as  insane  asylums.  Selection  rights  under 
these  grants,  like  those  imder  the  indemnity  lists,  are  as  a  rule  ezer- 
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cised  by  a  State  only  when  individuals  or  corporations  purchase  the 
right  to  select  certain  desired  lands. 

In  aid  of  internal  improvements, — ^In  the  early  days  of  the  coun- 
try's history  the  right  of  Congress  to  grant  public  lands  in  aid  of 
internal  improvements  was  bitterly  contested.  The  first  legislation 
of  this  character  was  contained  in  the  enabling  act  of  the  State  of 
Ohio,  already  cited,  and  provided  that  one-twentieth  of  the  pro- 
ceeds of  the  sale  of  publio  lands  within  the  State  should  be  given 
to  the  State  to  be  used  in  establishing  public  roads.  The  first  grant 
of  specific  lands  in  aid  of  internal  improvements  was  not  made  until 
February  28,  1823  (3  Stat,  727).  This  grant  also  was  made  to  the 
State  of  Ohio  to  aid  in  the  construction  of  a  wagon  road.  Since 
that  time  there  have  been  ten  other  wagon-road  grants,  eight  canal 
grants,  three  river-improvement  grants,  and  twenty  railroad  grants. 
The  railroad  grants  to  States  alone  approximate  40,000,000  acres. 
No  grant  to  a  State  in  aid  of  internal  improvements  has  been  made 
since  the  grant  to  Oregon  for  the  Coos  Bay  wagon  road  on  March  3, 
1869  (15  Stat.,  340).  Although  these  grants  were  in  terms  made  to 
the  States,  most  or  all  of  them  were  in  fact  made  through  the 
States  to  corporations  that  carried  out  the  improvements  contem- 
plated. 

Carey  ^e?^.— The  act  of  August  18,  1894  (28  Stat,  372,  422),  com- 
monly known  as  the  Carey  Act,  and  amendments  thereto,  the  pur- 
pose of  which  is  to  aid  the  public-land  States  in  the  reclamation  of 
the  desert  lands  therein  and  in  the  settlement,  cultivation,  and  sale  of 
such  lands  in  small  tracts  to  actual  settlers,  authorize — 

(a)  The  temporary  withdrawal  of  public  lands  from  settlement  or 
entry  pending  investigation  and  survey  preliminary  to  the  filing  of 
an  application  for  segregation,  such  withdrawn  lands  to  be  restored 
to  settlement  and  entry  at  the  end  of  one  year  from  the  date  of  with- 
drawal in  case  application  for  segregation  is  not  theretofore  made. 

(ft)  The  segregation  of  public  lands  by  the  Secretary  of  the  Inte- 
rior, contracts  between  the  United  States  and  any  beneficiary  State, 
and  the  reclamation  of  such  lands  by  beneficiary  States  within  10 
vears  from  the  approval  of  the  State's  application  (subject  to  an 
extension  of  5  years). 

{c)  The  patenting  to  any  beneficiary  State  of  any  tract  of  re- 
claimed land  when  satisfactory  proof  is  made  that  an  ample  supply 
of  water  to  reclaim  it  is  actually  furnished. 

Other  important  provisions  of  the  Carey  Act  are  in  brief  as 
follows : 

Prior  to  segregation  of  lands  or  execution  of  contract  between  the 
United  States  and  any  State,  such  State  shall  file  a  proper  applica- 
tion and  present  satisfactory  plans  for  the  reclamation  of  the  lands. 
Lands  that  are  not  desert,  lands  that  are  occupied  by  bona  fide  set- 
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tiers  or  under  the  mining  laws,  unsurveyed  lands  occupied  with  a 
view  to  entry  under  the  desert-land  laws,  and  lands  containing  val- 
uable deposits  of  minerals  other  than  coal  are  not  subject  to  segrega- 
tion. Coal  lands  (in  Utah  oil  and  gas  lands  also)  may  be  segre- 
gated, but  when  patent  is  issued  it  must  contain  a  reservation  of  these 
minerals  to  the  United  States. 
The  usual  procedure  under  the  Carey  Act  is  about  as  follows: 
A  corporation  or  individual  applies  to  the  State  for  the  with- 
drawal of  certain  public  lands  proposed  for  irrigation.  The  State 
thereupon  submits  to  the  Interior  Department  an  application  for 
their  withdrawal.  On  the  approval  of  this  application  the  State  is 
allowed  one  year  in  which  to  investigate  the  project  and  prepare 
satisfactory  plans  for  reclamation.  The  proposing  company  con- 
ducts the  investigations  and  if  a  project  that  is  considered  feasible 
is  developed  makes  application  to  the  State  for  the  segregation  of 
the  irrigable  lands  and  offers  to  contract  with  the  State  for  their 
reclamation.  The  State  thereupon  applies  to  the  Interior  Depart- 
ment for  the  segregation  of  the  lands  under  the  terms  of  the  Carey 
Act  and  its  amendments.  If  the  plan  of  irrigation  is  found  to  be 
feasible,  the  irrigation  company  responsible,  and  the  available  water 
supply  adequate,  the  lands  are  segregated  and  the  contract  for  their 
reclamation  is  entered  into  between  the  United  States  and  the  State. 
When  the  irrigation  works  are  completed  to  the  satisfaction  of  the 
Government,  patent  is  issued  to  the  State  or  to  its  assigns.  The 
State  receives  payment  for  the  lands  from  the  settler,  and  the  irriga- 
tion company,  either  directly  or  through  the  State,  receives  payment 
from  each  settler  for  his  proportionate  share  of  the  irrigation  works 
and  water  rights  involved. 


As  already  indicated,  most  grants  of  public  lands  in  aid  of  internal 
improvements  have  been  made  through  the  States.  Eight  grants, 
however,  have  been  made  by  Congress  directly  to  corporations,  to  en- 
courage the  building  of  railroads.  Four  of  these  grants,  aggregating 
approximately  109,000,000  acres,  were  made  to  Federal  corporations 
created  by  Congress  for  the  purpose  of  building  the  roads  subsidized, 
and  four  were  made  to  State  corporations.  Of  the  four  grants  to  State 
corporations,  two  were  declared  forfeited  by  Congress  in  1874,  the  two 
remaining  aggregating  approximately  6,000,000  acres.  The  first  of  the 
grants  made  directly  to  corporations  was  the  Pacific  railroads  bill  of 
July  1,  1862  (12  Stat.,  489),  which  provided  for  the  building  of  the 
Union  Pacific-Central  Pacific  line  from  Missouri  River  to  the  Pa- 
cific coast.  This  act  granted  to  the  railroad  every  alternate  section 
for  20  miles  on  either  side  of  the  right  of  way.  The  Northern  Pa- 
cific grant  of  July  2,  1864  (13  Stat.,  365),  conveyed  every  alternate 
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section  for  40  miles  on  either  side  of  the  right  of  way.  The  grant 
to  the  Atlantic  &  Pacific  Railroad  Co.  (now  the  Atchison,  Topeka  & 
Santa  Fe)  was  made  by  the  act  of  July  27, 1866  ( 14  Stat,  292) .  These 
three  grants  contained  no  restrictions  as  to  the  use  to  be  made  of  the 
lands,  but  certain  of  the  later  grants  required  the  lands  to  be  sold 
only  to  actual  settlers  at  prices  not  to  exceed  $2.50  an  acre.  The  last 
of  the  railroad  grants  was  made  to  the  Texas  Pacific  Railroad  Co. 
on  March  8,  1871  (16  Stat.,  573).  Since  that  time  Congress  has 
consistently  refused  to  grant  lands,  either  to  States  or  to  corporations, 
in  aid  of  internal  improvements. 

All  the  railroad  grants  were  restricted  to  lands  containing  no 
minerals  except  coal  and  iron.  These  two  were  given  to  the  rail- 
roads because  of  their  use  in  the  construction  and  operation  of 
the  roads.  In  certain  cases  the  railroads  were  permitted  to  select 
other  lands  in  lieu  of  those  which,  normally  constituting  a  part 
of  the  grant,  proved  to  be  valuable  for  minerals  other  than 
coal  and  iron  or  to  be  included  within  Indian  or  military  res- 
ervations or  national  forests  or  to  have  been  covered  by  valid  settle- 
ment. The  right  to  make  these  lieu  selections  is  usually  sold  by  the 
railroads  in  the  form  of  "scrip,"  which  may  be  filed  on  any  vacant 
unreserved  nonmineral  land. 

NECESSITY  FOB  LAND  CLAS8IEICATI0N. 

A  study  of  the  land  laws  shows  the  absolute  necessity  of  some 
form  of  segregation  of  the  lands  into  classes  as  a  prerequisite  to  their 
disposition.  Agricultural  entry  may  not  be  made  on  lands  contain- 
mg  valuable  minerals,  nor  coal  entry  on  lands  containing  gold,  silver, 
or  copper;  lands  included  in  desert  entries  or  selected  under  the  Carey 
Act  must  be  desert  lands;  enlarged-homestead  lands  must  not  be 
susceptible  of  successful  irrigation;  placer  claims  must  not  be  taken 
for  their  timber  value  or  their  control  of  watercourses;  and  lands 
included  in  building-stone,  petroleum,  or  salt  placers  must  be  more 
valuable  for  those  minerals  than  for  any  other  purpose.  So  through 
the  whole  scheme  of  American  land  laws  runs  the  necessity  for 
determining  the  use  for  which  each  tract  is  best  fitted. 

No  specific  financial  provision  has  ever  been  made  for  a  systematic 
classification  of  the  entire  public  domain  into  classes  representing 
the  highest  use  for  each  area.  Such  a  scheme,  with  proper  provision 
for  revisions  whenever  necessitated  by  changing  conditions  or  in- 
creased knowledge,  wonld  be  of  immense  value  in  the  administration 
of  the  public  domain,  and  if  it  had  been  initiated  when  the  major 
portion  of  the  public-land  laws  were  in  process  of  formation  it  would 
have  saved  to  the  public  natural  resources  of  immense  value.  It  can 
hardly  be  questioned  that  the  National  Academy  of  Sciences  had  in 
mind  such  a  systematic  classification  of  the  entire  public  domain 
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when  it  recommended  the  creation  of  ^the  Geological  Survey,  but  the 
new  organization  when  created  was  not  supplied  with  the  funds  to 
carry  forward  a  work  of  such  magnitude.  The  classification  of  coal 
lands  and  the  segregation  of  lands  valuable  for  oil,  gas,  phosphate, 
potash,  water  power,  and  reservoir  sites  constitute  a  tardy  and  very 
meager  attempt  to  meet  the  need  for  a  universal  classification. 

In  default  of  a  classification  of  the  entire  national  domain  the 
land  department  early  adopted  the  expedient  of  requiring  a  classi- 
fication of  each  tract  of  land  at  the  time  of  its  disposition.  These 
classifications  in  general  originated  from  four  sources — first,  from  the 
applicant  for  the  land ;  second,  from  deputy  surveyors ;  third,  from 
members  of  the  Land  Office  field  service;  and  fourth,  from  the 
Geological  Survey.  It  is  the  present  purpose  to  discuss  the  first 
three  types  of  classification  somewhat  briefly  and  the  last  in  c<msider- 
able  detail,  and  to  show  the  weight  given  to  each  type  and  the  results. 

AOSNCIBB  AND  METHODS  OF  CLASSIFICATION. 
GLAS8IFIGATIOK  BY  AFFmAVFT  OF  APPLICANT. 

Nearly  every  applicant  for  public  land  is  required  to  submit  an 
affidavit  that  the  land  desired  is  of  a  character  properly  subject  to 
the  proposed  entry  or  selection.  Every  applicant  under  the  agri- 
cultural laws  must  set  forth  by  his  own  oath  and  that  of  two  wit- 
nesses that  the  lands  are  nonmineral  in  character.  The  State  in 
selecting  indemnity  or  ^  quantity  grant ''  lands  must  make  affidavit 
to  their  nonmineral  character.  Mineral  applicants  must  state  under 
oath  the  discovery  of  valuable  minerals,  and  similar  affidavits  are 
required  of  most  if  not  all  applicants. 

Less  and  less  weight  has  been  given  in  recent  years  to  dassifica- 
tions  so  made.  It  has  been  found  tiiat  the  affidavits  of  interested 
parties,  whether  furnished  by  individuals  or  submitted  by  sovereign 
States,  do  not  furnish  a  reliable  basis  for  the  disposition  of  public 
lands.  Furthermore,  the  determination  of  the  mineral  or  nonmineral 
character  of  a  particular  tract  may  be  too  difficult  and  too  complex 
a  problem  for  solution  by  other  than  a  special  trained  expert.  At 
present  all  agricultural  entries  except  homestead  and  desert-land 
entries  on  unwithdrawn  lands  are  classified  as  to  mineral  character 
and  power-site  or  reservoir  value  either  by  examination  on  the 
ground  by  the  Land  Office  field  service  or  by  the  Geological  Survey 
frcHn  inf (Hmation  contained  in  its  records  or  procured  by  special  ex- 
amination. Thus,  although  the  affidavit  of  the  applicant  has  not  been 
abandoned,  it  is  of  little  importance.  Similarly  mineral  claims  in 
national  forests  are  subjected  to  examination  before  the  applicant's 
affidavit  of  discovery  is  accepted,  and  classification  by  the  entryman 
or  selector  is  in  general  being  replaced  by  classifications  made  by  the 
Government. 
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GLAflUFICATION  BT  UHFUTX  BUUVJSXOW. 
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The  regulations  for  the  survey  of  public  lands  require  the  deputy 
surveyor  to  note  and  report  all  occurrences  of  mineral.  These  re- 
quirements have  varied  from  time  to  time.  In  certain  periods  the 
deputy  surveyor  has  reported  a  somewhat  detailed  classification  of 
the  lands  surveyed  into  first-class  agricultural,  second-class  agri- 
cultural, grazing,  mineral,  timber,  etc  At  one  time  all  lands  re- 
ported by  deputy  surveyors  to  be  mineral  in  character  were  with- 
held from  agricultural  entry,  but  the  inaccuracy  of  the  segregations 
and  the  magnitude  of  the  areas  involved  led  to  a  general  order  throw- 
ing all  such  lands  open  to  all  forms  of  entry.  The  only  present 
result  of  a  report  by  a  deputy  surveyor  that  land  is  mineral  is  to  sub- 
ject agricultural  entries  to  a  more  careful  scrutiny  than  would  other- 
wise be  made. 

CLASSIFICATION  BY  LAND  OFFICE  FIEID  SERVICE. 

The  General  Land  Office  has  a  well-organized  field  service  en- 
gaged in  the  examinatdon  of  entries  and  selections  of  public  lands. 
All  agricultural  entries  or  selections,  including  State  selections  and 
railroad  lieu  selections  but  excepting  homestead  and  desert-land  en- 
tries on  unwithdrawn  lands,  are  examined  by  this  field  service  as  to 
their  mineral  character  and  power-site  or  reservoir  values,  unless  the 
(jeological  Survey  is  able  from  its  records  to  make  a  classification 
of  the  lands.  Formerly  the  reports  of  the  members  of  the  field  serv- 
ice were  accepted  as  final  without  review  outside  of  the  Land  Office 
and  the  Secretary's  office,  and,  as  a  result,  some  classifications  by  the 
Geological  Survey  were  overruled  by  the  Land  Office.  The  resulting 
confusion  led  to  the  adoption  of  cooperative  agreements  between  the 
two  organizations,  whereby  the  information  gathered  by  each  is  made 
fully  available  to  the  other.  The  first  of  these  agreements  was  en- 
tered into  July  10,  1910.  It  has  been  replaced  by  a  more  compre- 
hensive and  more  systematic  agreement  adopted  March  5, 1912.  Un- 
der this  agreement  all  entries,  selections,  or  applications  except  metal- 
liferous mineral  entries,  coal  applications,  and  homestead  and  desert 
entries  on  unwithdrawn  lands  are  referred  by  the  General  Land  Office 
to  the  Geological  Survey.  The  Survey  thereupon  renders  to  the  Land 
Office  a  report  on  each  case,  classifying  the  land  involved.  If  the 
Survey  classifies  the  land  as  having  no  mineral,  power,  or  reservoir 
value,  questions  concerning  these  values  are  considered  as  settled  and 
the  case  goes  forward  if  it  is  otherwise  regular.  If  in  a  given  case 
the  Survey  reports  that  the  lands  are  mineral  or  that  they  have 
power  or  reservoir  value  the  applicant  is  given  60  days  within 
which  to  prove  that  the  land  is  not  of  the  character  claimed  by  the 
Geological  Survey  but  that  it  is  in  fact  of  the  character  originally 
claimed  by  him.    If  he  fails  so  to  prove,  his  application  is  canceled. 
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If  the  Greological  Survey  reports  that  it  has  not  sufficient  informa- 
tion to  make  a  definite  dassification  it  furnishes  to  the  Land  Office 
whatever  data  it  may  have,  which  are  placed  in  the  hands  of  a  mem- 
ber of  the  field  service  for  field  investigation  and  report.  The  report 
rendered  is  foiwarded  to  the  Geological  Survey  for  further  consid; 
eration,  and  a  classification  based  upon  it  and  other  facts  at  hand 
is  r^>orted  to  the  General  Land  Office.  Under  this  agreement  the 
records  of  the  Survey  are  enriched  by  the  data  gathered  by  the 
Land  Office  field  service  and,  on  the  other  hand,  the  great  amount 
of  valuable  information  regarding  the  public  lands  on  file  in  the 
Survey  is  made  available  to  the  Land  Office  in  its  administration  of 
the  land  laws. 

CLASSIFICATION    BY    THE    GSOLOGICAi*    SURVEY. 


Althoof^  the  act  organizing  the  Geological  Survey  definitely  im- 
posed upon  the  Director  the  duty  of  classifying  the  public  lands,  it 
was  many  years  before  the  records  of  the  organization  contained  a 
sufficient  fund  of  informati(m  to  be  of  great  use  in  public-land 
administration.  During  its  first  quarter  of  a  oraitury  the  Survey 
devoted  its  energies  almost  entirely  to  gathering  scientific  data  re- 
garding the  whole  of  the  United  States,  and  only  within  the  last 
six  or  seven  yeauB  has  the  immense  fund  of  information  so  gathered 
been  applied  in  a  systematic  way  to  the  solution  of  public-land 
problem&  During  the  early  period  there  were  perhaps  but  two 
practical  applications  of  the  Survey's  work  to  land  classification. 
The  result  of  the  first  application  was  the  segregation  of  reservoir 
sites  under  the  act  of  October  2, 1888  (25  Stat,  527),  to  which  refer- 
ence has  already  been  made.  Congress  in  1891  restored  all  the 
lands  that  had  been  segregated  under  this  act  except  the  areas 
actually  needed  for  the  construction  of  reservoirs,  which  still  re- 
ihain  segregated  as  reservoir  sites  and  are  not  subject  to  entry.  The 
second  application  was  connected  with  the  administration  of  the 
reclamation  act  by  the  Geological  Survey.  Many  withdrawals  of 
lands  to  be  included  in  reclamation  projects  were  made  by  the  Sur- 
vey prior  to  the  separation  from  it  of  the  Keclamation  Service.  With 
these  two  exceptions  the  G^logical  Survey  devoted  its  energies  to 
gathering  data  rather  than  to  applying  ihe  data  gathered  to  the 
ehflsification  of  public  lands  until  the  year  1906.  Since  that  date 
the  Survey  has  been  actively  engaged  in  land-classification  work. 
The  cooperative  agreement  whereby  certain  types  of  information  are 
made  available  to  the  Land  Office  in  its  administration  of  individual 
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entries  and  selections  has  already'  been  described.  In  addition  coal 
lands  are  being  classified  and  valued  as  rapidly  as  the  funds  at  the 
disposal  of  the  Survey  will  permit,  and  oil,  gas,  phosphate,  and 
potash  lands  and  lahds  valuable  for  water-power  and  reservoir  sites 
are  being  temporarily  withdrawn  from  entry  whenever  information 
justifying  this  action  is  obtained.  It  is  proposed  to  explain  here 
briefly  the  history  of  the  classification  undertaken  with  respect  to 
each  of  these  resources. 

ooAZi  uLxnm. 

• 

In  the  years  1905  and  1906  the  general  public  began  to  realize  that 
large  areas  of  valuable  coal  lands  in  the  West  had  been  obtained  from 
the  Government  by  means  of  agricultural  entries.  The  frauds  thus 
perpetrated  were  so  great  as  to  shock  the  public  mind  and  to  call 
for  some  immediate  action  to  prevent  further  similar  looting.  Ac- 
cordingly the  President,  on  June  29,  1906,  directed  the  Secretary  of 
the  Interior  to  withdraw  from  entry  all  valuable  coal  lands.  The 
Survey  had  previously  been  making  special  studies  of  certain  western 
coal  fields  and  its  geologists  had  assisted  in  unearthing  some  of  the 
coal  frauds.  It  was  therefore  prepared  to  submit  a  list  of  lands 
which  should  be  withdrawn  from  entry,  and  on  July  26,  1906,  the 
Acting  Secretary  of  the  Interior  withdrew  from  all  forms  of  entry 
all  the  lands  on  the  list  submitted  by  the  Survey.  Other  lists  for 
withdrawal  were  prepared  by  the  Survey  during  the  summer  and 
fall  of  1906,  and  one  very  excellent  list  was  prepared  by  the  Forest 
Service.  These  withdrawals,  being  intended  to  prevent  acquisition 
of  coal  lands  under  agricultural  entry,  were  made  in  such  terms  as 
to  prevent  all  forms  of  entry.  However,  on  December  17,  1906,  the 
form  of  all  outstanding  orders  of  withdrawal  was  modified  to  apply 
to  coal  entries  only,  so  that  the  withdrawn  lands  became  again  sub- 
ject to  agricultural  entries  but  were  not  subject  to  coal  entry.  Thus 
fraudulent  acquisition  again  became  possible  and  was  prevented  only 
by  the  activity  of  the  field  service  of  the  General  Land  Office.  On  the 
other  hand,  purchase  of  withdrawn  lands  as  coal  land  became  impos- 
sible until  after  classification  and  valuation.  From  time  to  time 
other  withdrawals  from  coal  entry  were  made  until  the  spring  of 
1909,  when  many  of  the  outstanding  withdrawals  were  restored  to 
their  original  form  and  made  effective  against  all  forms  of  entry. 
Soon  thereafter  Congress  passed  the  withdrawal  act  of  June  26, 
1910  (36  Stat.,  847),  and  since  that  date  coal  withdrawals  have  pro- 
hibited all  forms  of  entry  except  entries  on  certain  classes  of  land 
which  are  exempted  from  withdrawal  by  that  act  and  agricultural 
entries  for  surface  rights  (mly.  The  policy  throughout  has  been  to 
withdraw  all  lands  on  which  there  is  a  reasonable  probability  of  the 
occurrence  of  coal,  to  examine  these  lands  as  rapidly  as  the  funds 
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available  will  permit,  and  on  the  information  gathered  to  base  classi- 
fications, the  lands  found  to  be  noncoal  land  being  restored  to  entry 
and  those  found  to  contain  workable  coal  being  appraised  at  prices 
not  less  than  the  minimum  prices  prescribed  by  the  statute. 

For  a  time  the  withdrawals  worked  great  hardship.  The  greater 
part  of  the  lands  thus  withheld  were  not  good  agricultural  lands,  but 
the  total  acreage  suitable  for  agricultural  development  was  large. 
The  situation  was  finally  relieved  by  the  passage  of  three  acts  pro- 
viding for  agricultural  entry  upon  lands  withdrawn  or  classified  as 
coal  lands,  the  Government  retaining  title  to  the  coal  deposits  and 
the  right  to  prospect  for  and  remove  them.  These  three  acts  are 
more  fully  discussed  below  under  the  heading  ^^ Separation  acts'' 
(P-  45). 

The  first  regulations  prescribing  criteria  for  the  classification  and 
valuation  of  coal  lands  were  approved  by  Secretary  of  the  Interior 
Garfield  on  April  8,  1907.  They  provided  for  a  maximum  workable 
depth  of  1,500  feet  and  a  minimum  workable  thickness  of  2  feet,  all 
lands  underlain  by  coals  of  less  thickness  or  at  greater  depth  being 
classified  as  noncoal  land.  New  regulations  were  adopted  February 
19,  1908,  and  these  were  in  turn  superseded  by  those  of  April  15, 
1908,  luider  which,  although  the  minimum  thickness  remained  un- 
changed, high-grade  coals  were  classified  as  workable  to  a  depth  of 
3,000  feet  and  certain  thicknesses  of  low-grade  bituminous  and  sub- 
bituminous  coals  to  a  depth  of  2,000  feet.  Under  all  these  regula- 
tions valuations  were  based  on  an  estimate  in  which  the  number  of 
beds,  the  thickness  of  the  beds,  and  the  depth  of  the  beds  below  the 
surface  were  taken  into  account;  but  the  methods  of  computing  prices 
were  such  that,  for  example,  a  20- foot  bed  was  valued  at  no  higher 
price  than  an  8-foot  bed.  On  April  10,  1909,  Secretary  Ballinger 
approved  a  new  set  of  regulations,  drawn  on  entirely  different  prin- 
ciples. The  minimum  thickness  was  fixed  at  14  inches  and — a  more 
important  change — computations  of  value  were  based  on  the  tonnage 
of  coal  in  the  land  rather  than  on  the  number  of  beds.  The  maximum 
depth  was  retained  at  3,000  feet.  These  regulations,  while  far  in 
advance  of  those  preceding,  were  nevertheless  open  to  criticism  be- 
cause they  took  little  account  of  certain  economic  and  mining  engi- 
neering features,  such,  for  example,  as  the  relations  between  lift  and 
haul,  between  thickness  and  mining  cost,  and  between  minimum 
thickness  and  workable  depth.  A  new  set  of  regulations  has  just 
been  made  effective  in  which  these  features  have  been  taken  into 
account  and  the  maximum  depth  for  the  highest-grade  coals  has  been 
increased  to  5,000  feet.  The  prices  are  based  on  tonnage,  heat  value, 
depth,  and  thickness.  These  regulations  are  given  in  detail  else- 
where in  this  bulletin  (pp.  96-97). 
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The  earliest  withdrawals  of  lands  containing  oil  and  gas  were 
made  in  order  to  protect  oil  operators  from  agricultural  entrymen. 
In  1900  certain  lands  in  Wyoming  and  California  were  withdrawn 
from  agricultural  entry  on  representations  made  by  citizens  of  those 
States  that  the  lands  contained  valuable  deposits  of  oil  and  gas 
and  should  be  withheld  from  agricultural  entry  pending  a  determi- 
nation as  to  their  content  of  oil.  These  orders  and  others  of  similar 
character  were  from  time  to  time  issued  by  the  General  Land  Office. 
The  first  withdrawal  recommended  by  the  Geological  Survey  was 
made  in  1907.  For  years  the  Survey  had  been  doing  geologic  work 
in  the  oil  fields  of  California.  Its  geologists,  studying  the  conditions 
of  the  oil  industry  as  well  as  the  geology  and  occurrence  of  oil, 
early  became  convinced  that  unless  preventive  steps  were  taken  a 
great  amount  of  fraud  would  be  perpetrated  and  oil  development 
would  be  seriously  hindered  by  attempts  to  obtain  oil  lands  through 
nonmineral  entries.  The  withdrawal  of  certain  lands  was  accord- 
ingly recommended,  and  on  August  15,  1907,  the  Acting  Secretary 
of  the  Interior  approved  the  recommendation  and  the  withdrawal 
became  effective.  In  1908  several  withdrawals  were  made  in  Cali- 
fornia for  the  same  purpose,  and  a  withdrawal  was  also  made  in  the 
Caddo  field  of  Louisiana  pending  an  investigation  as  to  possible 
means  of  preventing  the  enormous  waste  of  natural  gas  then  taking 
place  in  that  field. 

Within  a  short  time  it  became  apparent  that  the  situation  was  onlj 
partly  covered  by  withdrawing  oil  lands  from  agricultural  entiy. 
The  inadequacy  of  the  placer  law  and  its  inapplicability  to  oil  lands 
was  clearly  recognized.  The  law  was  framed  to  apply  to  solid  min- 
erals ;  when  applied  to  fluids,  such  as  oil  and  gas,  it  at  once  led  to 
many  abuses.  Drilling  along  the  boundaries  of  one  claim  in  order 
to  draw  off  oil  or  gas  beneath  a  neighboring  claim  forced  activity  in 
drilling  which  resulted  in  production  far  greater  than  the  demands 
of  the  market.  The  requirement  of  discovery  as  a  prerequisite  to 
title  also  forced  development  and  overproduction.  It  became  more 
and  more  apparent  that  oil  and  gas  should  be  disposed  of  in  terms  of 
barrels  or  cubic  feet  rather  than  in  terms  of  acres.  These  consider- 
ations, together  with  the  advisability  of  retaining  a  supply  of  fuel 
oil  for  the  use  of  the  Navy,  caused  the  Geological  Survey  to  urge  the 
suspension  of  all  forms  of  entry  cm  Government  oil  lands  pending 
the  enactment  of  new  legislation  by  Congress.  In  consequence  Sec- 
retary of  the  Interior  Ballinger  <mi  September  27,  1909,  withdrew 
from  all  forms  of  entry,  location,  or  disposition  all  public  lands 
believed  to  contain  valuable  deposits  of  oil  or  gas.  As  information 
has  since  been  obtained  indicating  other  public  lands  to  be  valuable 
for  these  minerals,  they  also  have  been  withdrawn  from  all  forms  of 
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disposition  tinder  the  mineral  or  nonmineral  land  laws.  Field  ex- 
amination has  shown  that  certain  lands  so  withdrawn  are  not  Tal- 
uable  for  their  oil  or  gas  deposits,  and  they  have  been  promptly 
restored  to  public  entry.  In  one  State,  Utah,  the  mrface  of  the 
lands  so  withdrawn  is  open  to  agricultural  entry* 

A  number  of  bills  providing  for  the  disposal  of  oil  and  gas  deposits 
have  been  introduced  in  Congress,  but  none  have  yet  been  enacted 
into  law,  so  that  the  petroleum  withdrawals  continue  in  force  and 
new  ones  are  b^ing  made  as  occasion  arises.  The  need  of  the  Navy 
for  a  supply  of  fuel  oil  has  recently  been  more  strongly  recognized, 
the  battleships  last  authorized  being  designed  to  bum  oil  exclusively. 
Fully  to  insure  the  Nation  an  adequate  supply  of  fuel  <h1  two  naval 
petroleum  reserves  aggregating  9S^4Q  acres  and  estimated  to  contain 
at  least  2^,000,000  barrels  of  oil  have  been  created  in  the  San  Joaquin 
Valley  fields  of  California,  one  under  date  of  September  2, 1912,  and 
the  second  under  date  of  December  18, 1912. 


Phosphate  lands,  like  oil  lands,  are  withdrawn  because  of  the  in- 
adequacy of  existing  law  to  dispose  of  phosphate.  Only  within 
comparatively  recent  years  has  it  been  known  that  important  phos- 
{diate  deposits  exist  on  the  public  domain,  but  as  soon  as  such  de- 
posits were  discovo^ed  conflicts  arose  between  entrymen  under  the 
placer  law  and  entrymen  under  the  lode  law.  Ab  a  matter  of  fact 
ntHbst  lode  law  nor  placer  law  is  fitted  to  phosphate  depositay  which 
occur  as  sedimentary  beds  interstratified  with  barren  rocks  in  a 
nunmer  identical  with  that  in  which  coal  occurs.  The  placer  law 
provides  for  the  disposition  of  all  forms  of  deposit  except  rock  in 
place.  The  western  phosphate  deposits  are  clearly  rock  in  place. 
Moreover,  some  of  them  lie  at  great  depth  and  are  as  difficult  to  mine 
as  coal  or  any  other  solid  mineral.  It  is  clear  that  the  placer  law  is 
not  Iqgically  applicable  to  these  deposits.  Under  the  lode  law  a  vein 
which  outcrops  within  the  limits  of  a  claim  may  be  followed  to  in- 
definite depths  and  distances  so  long  as  the  end  lines  of  the  claim  are 
not  crossed.  A  phosphate  deposit  is  essentially  an  interstratified 
bed,  some  deposits  extending  for  many  miles  and  being  involved  in 
great  folds  and  undulations.  The  application  of  the  apex  law  to 
such  deposits  would  assuredly  result  in  great  confusion.  For  in- 
stance, if  two  sets  or  series  of  lode  claims  are  located  along  the  outr 
crop  of  a  bed  of  phosphate  that  occupies  a  geologic  basin  and 
outcrops  around  its  margin,  one  set  of  claimants  on  one  side,  the  other 
on  the  opposite  side,  each  set  of  claimants  might  be  entitled  to  the 
bed  throughout  its  extent  from  outcrop  to  outcrop.  Thus  the  same 
property  might  be  disposed  of  to  two  separate  claimants,  each  of 
whom  would  have  a  good  title.    It  is  obvious  that  the  lode  law,  under 
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which  such  a  condition  is  possible,  is  not  suited  to  the  disposition  of 
phosphate  deposits. 

Still  another  c<»isideration  led  to  the  withdrawal  of  phosphate 
lands.  Agriculture  in  the  United  States  is  comparatively  young,  so 
that  the  exhaustion  of  lands  from  long-continued  use  has  not  yet 
begun  to  be  generally  felt  In  a  large  part  of  Europe,  however,  phos- 
phate fertilization  has  become  an  economic  necessity,  and  as  a  result 
th6  greater  part  of  ihe  phosphate  mined  in  this  country  is  being  ex- 
ported. It  has  seemed  to  many  students  of  the  ffltuation  that  the 
United  States  should  not  part  with  a  deposit  so  vital  to  its  agricul- 
tural future.  Pending  consideration  of  this  question  by  Congress,  as 
well  as  the  enactment  of  laws  more  applicable  than  the  lode  and  placer 
laws,  the  first  phosphate  withdrawal  was  made  by  the  Department 
of  the  Interior  on  December  9, 1908.  Other  withdrawals  have  been 
made  from  time  to  time  as  additional  valuable  deposits  of  phosphate 
have  been  discovered.  Since  the  first  withdrawal  the  known  area  of 
phosphate  lands  has  been  greatly  increased  by  the  explorations  of 
the  Geological  Survey,  and  the  reserves  now  include  lands  in  Wyo- 
ming, Idaho,  Utah,  Montana,  and  Florida. 


The  agricultural  industry  of  the  United  States  has  begun  to  feel 
the  need  for  the  rejuvenation  of  lands  by  the  application  of  potash. 
All  of  this  mineral  heretofore  used,  in  manufacturing  as  well  as 
in  agriculture,  has  been  imported  from  Germany.  A  threatened 
termination  of  the  supply  from  that  source  by  the  German  Gov- 
ernment lent  acute  interest  to  the  question  whether  or  not  potash 
deposits  are  to  be  found  in  the  United  States,  and  on  March  4, 1911, 
Congress  appropriated  $20,000  for  research  and  exploration  for  pot- 
ash deposits  by  the  Geological  Survey.  This  appropriation  was  re- 
newed the  following  year.  Promising  indications  have  been  dis- 
covered, exploration  work  is  being  actively  continued,  and  three  areas 
have  been  found  where  the  existence  of  potash  salts  warrants  with- 
drawal of  the  lands.  The  first  potash  withdrawal  covered  one  of 
these  areas  and  was  made  on  January  16,  1918.  It  is  the  present 
intention  to  recommend  the  withdrawal  of  all  valuable  deposits 
found  and  all  lands  in  which  there  is  a  reasonable  probability  of  the 
occurrence  of  valuable  potash,  these  withdrawals  to  remain  in  force 
imtil  Congress  has  provided  more  appropriate  legislation  than  the 
existing  placer  law. 


An  unusual  type  of  withdrawal,  designated  "  Mineral-land  with- 
drawal No.  1,"  was  made  in  Arizona  by  the  President  on  September 
23^  1912.    It  covers  an  area  in  which  investigations  made  by  the  Geo- 
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logical  Survey  show  geologic  conditions  favorable  to  the  occurrence 
of  deep-seated  deports  of  copper.  The  deposits  in  this  district  are 
of  such  nature  that  no  surface  discovery,  such  as  is  required  by  the 
lode  law,  can  be  made.  As  a  result  valid  locaticms  can  not  be  made 
upon  the  lands  until  valuable  minerals  have  been  discovered  therein, 
either  by  deep  drilling  or  deep  shafting.  There  was  danger  that 
before  either  of  these  types  of  prospecting  could  be  completed  at- 
tempts would  be  made  to  obtain  title  to  the  lands  by  means  of  State 
selections  or  other  nonmineral  entries.  Accordingly  the  President 
directed  that  the  area  be  included  in  a  withdrawal.  By  the  terms  of 
the  withdrawal  act  the  withdrawn  lands  are  open  to  exploration  and 
purchase  under  the  mining  laws,  so  far  as  they  apply  to  metallif- 
erous minerals.  Thus  the  lands  are  reserved  for  exploration  as  to 
their  metalliferous  value  but  are  not  open  to  other  forms  of  entry. 


In  messaged  to  Congress  during  1908  and  1909  President  Roose- 
velt called  attention  to  the  danger  of  an  uncontrolled  monopoly  of 
water-power  development  and  to  the  desirability  of  preventing 
power  sites  on  the  public  domain  from  falling  into  the  hands  of 
speculators  and  monopolists.  As  early  as  February  26,  1908,  in  a 
message  transmitting  a  report  of  the  Inland  Waterways  Commis- 
sion, he  advocated  legislation  providing  for  the  leasing  of  such  sites 
rather  than  their  alienation.  The  report  of  the  Inland  Waterways 
Commission  contains  the  following  statement: 

Wherever  water  is  now  or  will  hereafter  become  the  chief  source  of  power, 
the  monopolization  of  electricity  from  running  streams  involves  monopoly  of 
power  for  the  transportation  of  freight  and  passengers^  for  manufacturing, 
and  for  supplying  light,  heat,  and  other  domestic,  agricultural,  and  municipal 
necessities  to  such  an  extent  that  unless  regulated  it  will  entail  monopolistic 
control  of  the  daily  life  of  our  people  in  an  unprecedented  degree. 

Since  that  time  President  Taft,  Senator  Burton,  Secretaries  Gar- 
field, Fisher,  and  Stimson,  and  many  others  have  advocated  a  revi- 
sion of  the  laws  pertaining  to  lands  valuable  for  water  powers  and 
have  especially  urged  the  retention  of  their  control  by  the  United 
States. 

In  the  winter  of  1908  and  1909,  mider  the  direction  of  President 
Roosevelt  and  Secretary  Garfield,  a  number  of  withdrawals  were 
made  covering  streams  in  the  Rocky  Mountain  and  Pacific  coast 
States  on  recommendation  of  the  Reclamation  Service.  These  orders 
of  withdrawal  covered  wide  areas,  and  as  the  best  agricultural  lands 
in  the  West  are  in  the  vicinity  of  streams,  a  great  deal  of  popular 
discontent  and  criticism  followed.  Secretary  Ballinger,  soon  after 
his  appointment,  ordered  the  restoration  of  all  the  withdrawn  lands, 
and  many  such  restorations  were  made,  mainly  in  the  latter  part  of 
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March  and  tbe  early  part  of  April,  1909.  On  April  38,  1909,  Saere- 
taiy  Ballinger  directed  the  Geological  Surrey  to  make  an  ia^Mtiga- 
tion  of  water-power  sites  on  the  public  domain  and  to  recommoid  as 
early  as  possible  any  withdrawals  neoessary  to  protect  them  pending 
the  Miactment  of  legislation  to  be  reconunended  by  Ae  President. 
The  first  withdrawal  under  this  order  was  reoommended  by  the 
Survey  on  May  3, 1909,  and  approved  by  Secretary  Bellinger  on  the 
following  day.  Since  then  many  such  power-site  withdrawals  have 
been  made,  so  that  at  the  present  time  it  is  believed  tiiat  the  greater 
number  of  the  valuable  power  sites  on  the  public  domain  are  with- 
drawn from  entry  pending  legislaticm  by  Congress  f(»^  their  ap- 
propriate disposal.  The  available  information  does  not  indicate  that 
there  is  now  in  existence  any  all-yiclusive,  nati<m-wide  water-power 
trust  such  as  has  been  feared  by  students  of  the  situation.  Certain 
powerful  and  far-sighted  interests  have,  however,  made  very  deter- 
mined attempts  to  acquire  control  of  valuable  sites  in  advance  of 
the  possibility  of  developing  a  market  for  the  power  that  might  be 
produced.  The  passing  of  these  strategic  points  from  public  owner- 
ship would  seriously  impair  the  control  by  public  authority  of  water- 
power  operations,  whidi  are  inherently  mon<^>olistic  As  soon  as 
the  Survey  obtains  knowledge  of  such  sites  their  withdrawal  is  rec- 
ommended. Field  examinations  have  shown  that  certain  areas  with- 
drawn were  not  so  valuable  as  had  at  first  been  supposed  and  these 
have  been  promptly  restored. 

BSBBBVOm   8ZTBS. 

Beference  has  already  been  made  to  tbe  act  of  1888  (25  Stat.,  527) 
and  to  the  fact  that  certain  tracts  specially  valuable  for  the  con- 
struction of  reservoirs  were  segregated  under  that  act  and  still  re- 
main withdrawn  pending  their  restoration  by  Congress.  In  its  study 
of  the  water  resources  of  the  public  domain  the  Survey  found  that 
attempts  were  being  made  to  obtain  possession  of  advantageous  reser- 
voir sites,  not  for  the  purpose  of  development  but  for  some  inferior 
use  or  for  speculation.  Pending  legislaticm  by  Congress  which  would 
make  such  acquisition  impossible  a  number  of  reservoir-site  with- 
drawals have  been  made,  the  first  one  having  been  reccxnmended  by 
the  Survey  on  January  13, 1911,  and  approved  by  President  Taft  on 
January  17,  1911. 


In  the  great  semiarid  grazing  areas  of  the  West  watering  places 
are  few  and  the  range  is,  in  places,  monopolized  by  control  of  the 
water  holes.  It  has  been  common  practice  for  a  stock  owner  to  file 
some  form  of  land  scrip  or  State  selection  upon  all  the  springs  in  a 
district  and  thereby  to  exclude  all  other  stock  owners  from  the  dis- 
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triet  9s  effactiMdly  as  if  1m  ownad  rrwy  acra  of  it.  In  moafc  plaaas 
the  public  raiiga  of  the  Weai  ia  greatly  oTaitMX>wded  and  tiia  com- 
petition for  possessicm  of  the  water  holes  has  been  exceedingly 
bitter,  with  the  advantage  in  favor  of  the  krge  owner,  on  account 
of  his  greater  ability  to  purchase  land  scrip.  Excluuon  from  the 
watering  places  has  ruined  more  than  one  stock  grower  and  vio- 
lence has  not  infrequently  accompanied  the  struggle  for  their  pos- 
session. This  condition  of  affairs  led  members  of  the  Land  Office 
and  of  the  Survey  to  urge  that  the  watering  places  on  the  public 
range  be  retained  in  (government  ownership  and  thrown  open  to 
the  use  of  all  comers.  The  possibility  of  the  paasage  by  Congress 
of  a  grazing  law  added  to  the  advisability  of  such  withdrawals. 
The  present  conditions  on  the  public  range  are  by  no  means  sat- 
isfactory. They  give  undue  advantage  to  the  large  stock  raiser 
and  are  resulting  in  the  deterioration  and  in  many  areas  the  ruin 
of  the  range.  Several  bills  have  been  introduced  in  Congress  pro- 
viding for  Grovemment  supervision  of  grazing  under  a  leaaing  sys- 
tem. If  such  a  law  is  passed  it  b  highly  important  that  a  sufficient 
number  of  watering  places  to  permit  Uie  administration  of  leases 
should  remain  in  Government  ownership.  On  March  29, 1912,  pub- 
lic water  reserve  No.  1  was  recommended  by  the  Survey  and  approved 
by  the  President.  Other  public  water  reserves  are  being  created  as 
rapidly  as  field  data  can  be  considered. 

WrrHDBAWAL  ACTS. 

The  early  coal^  oil,  phosphate,  and  power-rite  withdrawals  were 
made  by  the  Secretary  of  the  Intmor  in  the  exercise  of  his  executive 
discretion  and  without  specific  authority  granted  by  Congress.  The 
right  of  the  Executive  Department  to  make  land  withdrawals  has 
been  established  by  numerous  court  decisions  relating  to  withdrawals 
covering  small  areas,  but  as  soon  as  general  withdrawals  of  large 
areas  were  made  interested  parties  began  to  question  their  validity. 
Many  claimants  asserted  their  belief  in  the  department's  lack  of 
authority  by  proceeding  in  disr^[ard  and  contravention  of  the  with- 
drawals. This  type  of  action  was  especially  frequent  in  the  oil 
fields  of  California  and  it  early  became  apparent  that,  unless  the 
validity  of  the  withdrawals  was  clearly  established,  millions  of 
barrels  of  oil  would  be  taken  from  withdrawn  lands  while  a  decision 
was  being  obtained  from  the  courts.  Accordingly,  Congress  was 
urged  to  pass  an  act  confirming  the  power  of  the  Executive  to  with- 
draw public  lands,  and  on  June  26,  1910,  a  law  was  approved  en- 
titled ^^An  act  to  authorise  the  President  of  the  United  States  to 
make  withdrawals  of  public  lands  in  certain  eases"  (86  Stat.,  847). 
Thai  this  act  was  mei^ly  oonfirmatory  of  powera  already  reposing  in 
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the  President  and  his  cabinet  is  shown  l^  the  report  of  the  Senate 
Committee  on  Public  Lands,  from  which  the  following  is  quoted : 

The  power  conferred  upon  the  President  by  the  proposed  sabstitnte  la  a 
power  that  he  has  potssessed  and  exercised  almost  from  the  Inception  of  our 
public-land  system  and  is  a  power  that  he  still  possesses  and  exercises. 

The  power  of  the  President  to  reserve  public  lands  from  sale  and  entry 
rests  upon  yarious  statutes,  upon  numerous  decisions  of  the  courts,  and  upon 

long-established  and  long-recognized  usage. 

******* 

It  is  only  lately  that  this  power  has  been  doubted  and  questioned,  and  the 
object  of  the  proposed  substitute  is  to  make  it  definite  and  clear  beyond  all 
dispute  that  the  President  possesses  this  power  of  withdrawal. 

Immediately  after  the  passage  of  the  act  of  June  25, 1910,  Execu- 
tive orders  were  issued  by  the  President  ratifying,  confirming,  and 
continuing  in  full  force  and  effect  all  outstanding  orders  of  with- 
drawal. Since  that  date  all  new  withdrawals  have  been  made  in 
accordance  with  the  provisions  of  this  act  and  have  been  approved 
by  the  President. 

The  act  of  June  25,  1910,  contains  several  provisions  modifying 
preexisting  practice.  In  the  first  place,  it  provides  that  lands  which 
are  embraced  in  lawful  homestead  or  desert-land  entries  made  prior 
to  the  date  of  withdrawal  or  on  which  vali^  settlement  has  been  made 
and  maintained  shall  be  excepted  from  the  force  and  effect  of  the 
withdrawal  order  so  long  as  the  entryman  or  settler  continues  to 
comply  with  the  law.  Thus  the  effect  of  an  order  of  withdrawal 
on  a  preexisting  homestead  or  desert-land  entry  depends  on  the 
initial  and  omtinued  good  faith  of  the  entryman,  rather  than  on 
(he  value  of  his  land  for  purposes  other  than  that  under  which 
his  entry  was  made.  The  second  important  provision  is  that  the 
rights  of  any  person  who  at  the  date  of  a  withdrawal  order  is  a 
bona  fide  occupant  or  claimant  of  oil  or  gas  bearing  lands  and  who 
at  that  date  is  in  diligent  prosecution  of  work  leading  to  the  dis- 
covery of  oil  or  gas  shall  not  be  affected  or  impaired  by  tie  order 
so  long  as  diligent  prosecution  of  the  work  is  continued.  It  is  to 
be  noted  that  this  provision  makes  the  critical  date  that  of  the  with- 
drawal order,  even  though  that  order  was  made  before  the  passage 
of  the  withdrawal  act  The  department  has  held  that  what  con- 
stitutes diligent  prosecution  of  work  leading  to  the  discovery  of  oil 
or  gas  must  be  decided  upon  the  facts  in  each  case.  It  is  safe  to 
assume,  however,  that  many  of  the  subterfuges  that  have  been  com- 
monly practiced  for  the  purpose  of  holding  claims  will  not  be  con- 
sidered effective  against  the  withdrawal  orders. 

Section  2  of  the  act  provided  that  withdrawn  lands  should  ^'  be  open 
to  exploration,  discovery,  occupation,  and  purchase  under  the  mining 
laws  of  the  United  States  so  far  as  the  same  apply  to  minerals  other 
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than  ooal,  oil,  gas,  aad  phosphates."  There  were  two  serioiis  faults 
in  this  provision.  For  one  thing,  it  did  not  permit  the  withdrawal 
of  lands  valuable  for  other  minerals  than  the  four  enumerated. 
Thus,  when  interest  in  the  potash  situation  became  general  and  the 
desirability  of  reserving  potash  lands  from  entry  was  perceived  it 
was  not  possible  to  make  the. desired  withdrawals  because  of  this 
provision  in  the  withdrawal  act  Furthermore,  advantage  was  taken 
of  this  clause  to  locate  valuable  power  sites  as  building-stone  placers 
and  to  include  oil  lands  of  great  value  in  placer  claims  located  on 
comparatively  worthless  deposits  of  gypsum.  These  conditions  led 
the  President  to  urge  upon  C!ongress  the  amendment  of  the  section 
by  providing  that  withdrawn  lands  should  be  open  to  exploration 
and  purchase  imder  the  mining  laws  for  metalliferous  minerals  only, 
and  on  August  24, 1912,  Congress  so  amended  the  original  withdrawal 
act  (37  Stat.,  497).  Public-land  withdrawals  now  segregate  lands 
from  all  forms  of  entry,  location,  or  disposition  except  metalliferous 
mineral  claims,  preexisting  homestead  and  desert-land  entries  and 
valid  settlements,  and  oil  placers  on  which  work  is  being  diligently 
prosecuted  at  the  date  of  withdrawal. 

SEPARATION   ACTS. 

The  carrying  out  of  the  withdrawal  policy  for  protecting  the  min- 
eral and  water  resources  of  the  public  domain  is  in  many  cases  ren- 
dered difficult  and  embarrassing  by  the  agricultural  value  of  the  land 
withdrawn.  If  valuable  water-power  or  reservoir  sites  were  inva- 
riably valueless  for  farming,  or  if  mineral  and  agricultural  values 
could  not  coexist,  no  hardship  would  be  imposed  by  and  no  retarda- 
tion of  development  would  result  from  the  making  of  withdrawals. 
But  some  of  the  best  farming  lands  in  the  West  are  underlain  by 
coal  or  phosphate,  and  some  are  so  situated  as  to  be  of  strategic 
importance  in  power  development.  Any  hindrance  to  bona  fide  home 
building  or  other  agricultural  development  of  the  public  domain  is 
indeed  unfortunate,  but  in  order  to  protect  the  public's  natural  re- 
sources withdrawals  resulting  in  such  hindrance  have  been  neces- 
sary. For  certain  lands  the  situation  has  been  relieved  by  the  passage 
of  acts  separating  the  surface  right  from  the  right  to  the  underlying 
minerals.  The  first  of  these  acts  was  that  of  March  3, 1909  (35  Stat., 
644) ,  which  provides  that  persons  who  have  entered  or  selected  under 
the  nonmineral  laws  lands  subsequently  classified,  claimed,  or  re- 
ported as  being  valuable  for  coal  may  elect  to  receive  patent  to  their 
lands  by  reserving  to  the  United  States  the  coal  deposits  and  the  right 
to  prospect  for  and  mine  them.  The  act  contains  a  provision  for  the 
indemnification  of  the  surface  owner  for  damages  to  his  estate  by 
prospecting  or  mining  and  a  further  provision  that  the  owner  of  the 
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surface  patoit  riudl  hftve  the  right  to  mine  ooal  for  his  own  use  prior 
to  the  diqx)stl  of  the  coel  deposits  hy  the  United  States.  This  act 
granted  relief  only  for  entries  or  selections  antedating  withdrawal 
The  act  of  June  22, 1910  (d6  Stat,  588),  goes  a  step  further  with  re- 
gard to  ooal  lands  and  pnmdes  that  homestead  entries,  desert-land 
entries,  and  CSarey  Act  selections  may  be  made  on  lands  withdrawn 
or  classified  as  ooal  whenerer  it  is  staled  in  the  application  that  the 
entry  is  made  to  obtain  title  containing  a  reservation  of  the  coal  to 
the  United  States.  In  this,  as  in  the  previous  act,  provision  is  made 
for  damages  to  the  surface  estate  by  prospecting  or  mining.  The 
act  of  April  80, 1912  (37  Stat,  105),  extends  the  act  of  June  22, 1910, 
to  include  State  selections  and  isolated  tracts. 

An  act  approved  August  24,  1912  (87  Stat,  496),  provides  for  the 
entry  or  selec(;^on  of  withdrawn  or  daestfied  oil  and  gas  lands  in  the 
State  of  Utah,  with  a  reservation  to  the  United  States  of  the  <m1  or 
gas.  The  provisions  of  the  act  are  similar  to  those  of  the  ooal  act 
of  June  22,  1910,  and  the  classes  of  entries  and  selections  permitted 
are  the  same  as  those  in  that  act  as  amended  by  the  act  of  April  80, 
1912. 

DESIRABLE   NEW   LEGISLATION. 

In  carrying  out  its  function  of  classifying  the  public  lands  and  in 
making  its  fimd  of  information  available  in  the  administration  of 
the  existing  land  laws  the  Geological  Survey  has  become  acutely  cog- 
nizant of  the  need  for  certain  new  legislation.  The  laws  desired  are 
primarily  of  two  tjrpes  and  embody  two  fundamental  neoeasitiea 
first,  the  extension  of  the  principle  of  the  separation  of  estates,  and 
second,  the  application  of  the  leasing  principle  to  the  di£;)ositioii  of 
natural  resources. 

As  has  already  been  pointed  out,  the  public  lands  can  not  be 
divided  into  classes  each  of  which  is  valuable  for  one  purpose  only. 
Instead,  the  same  tract  of  land  may  be  valuable  for  two  or  more 
resources.  In  one  tract — ^for  example,  agricultural  land  that  is  un- 
derlain by  coal — both  resources  may  be  utilised  at  the  same  time 
without  interfering  with  each  other.  In  another  tract — for  example, 
agricultural  land  within  a  reservoir  site — the  land  may  be  valuable 
for  one  resource  only  until  it  is  utilized  for  another.  In  the  first 
case  the  problem  is  so  to  frame  the  laws  that  no  resource  will  be 
forced  to  await  the  development  of  the  other.  In  the  second  case  the 
problem  is  to  permit  the  use  of  the  land  for  one  purpose  pending  its 
use  for  another  without  losing  public  control  of  the  development  of 
the  second.  In  both  cases  the  answer  is  found  in  a  separation  of 
estates.  The  extension  of  this  principle,  now  applied  to  coal,  to 
withdrawn  and  classified  minerals  and  to  the  uses  of  water  resouroes 
would  permit  the  retenticm  of  the  mineral  d^KMsits  and  power  and 
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reservoir  sites  in  public  ownership  pending  appropriate  legislation 
by  Gongrese  without  in  any  way  retarding  agricultural  devslopment. 
Bills  have  already  been  introduced  applying  this  principle  to  oil  in 
other  States  than  Utah  and  to  phosphate  in  the  State  of  Idaho.  It 
is  to  be  hoped  that  such  bills  will  be  passed  and  approved,  or,  better 
still,  that  a  comprehensive  act  providing  for  the  separaticm  of  the 
various  estates  will  be  introduced  and  enacted. 

Nearly  every  student  of  the  situation  is  agreed  that  the  leaamg 
system  is  far  better  than  any  other  for  disposing  of  natural  re- 
souroes.  This  conclusion  is  based  partly  on  the  logic  of  theoretical 
considerations,  partly  on  the  experienoe  of  other  countries,  such  as 
the  Australasian  States,  and  partly  on  the  fact  that  the  leasing  system 
is  rapidly  replacing  all  others  in  commercial  practice  in  the  United 
States.  A  sin^e  instance  may  be  cited :  Over  90  per  cent  of  the  oil 
production  of  the  United  States  in  1911  came  from  leased  lands.  In 
the  public  interest  leasing  is  to  be  prefernBd  to  sale  for  several  reasons. 
In  the  first  place,  the  sale  of  mineral  lands  ft  appraised  values 
p^  acre  presents  problems  of  great  difficulty  and  of  uncertain  solu- 
tim,  because  of  the  number  of  factors  involved.  For  example,  in 
valuing  coal  lands  under  tlie  present  coal-land  law  or  in  valuing 
phosphate  lands,  should  a  similar  law  be  enacted  for  that  mineral, 
the  items  bearing  on  the  value  which  should  be  fixed  are  so  numer- 
ous, so  difficult  to  estimate,  and  so  variable  that  it  is  well-nigh  im- 
possible to  arrive  at  conclusions  which  give  the  proper  weight  to  all 
the  factors  involved.  In  valuing  coal  lands  the  end  striven  for  has 
been  to  fix  prices  which  diall  be  low  enough  to  permit  purchases  for 
immediate  development  but  whidi  sliall  be  high  enough  to  prohibit 
speculative  purchases  or  long-term  investments.  However,  the 
pn^er  consideration  of  transportation  charges,  market  conditions, 
competing  supply,  and  cost  of  labor  is  affected  by  so  much  uncertainty 
that  it  is  difficult  to  fix  a  thoroughly  satisfactory  price  for  which 
lands  should  now  be  sold.  When  it  is  considered  that  the  lands  are  to 
be  sold  in  the  indefinite  future  at  the  prices  fixed  now^  the  difficulties 
of  the  task  become  apparent.  None  of  these  difficulties  would  attend 
in  the  same  degree  the  administration  of  a  lease  law  under  which 
the  coal  or  phosphate  would  be  paid  for  at  a  royalty  per  ton  as 
mined.  The  fixing  of  the  royalty  would  be  very  much  simpler  than 
the  present  task. 

Attention  has»  already  been  called  to  the  inappropriateness  of  sell- 
ing oil  and  gas  by  the  acre.  The  distance  within  which  oil  and  gas 
may  be  drawn  olF  by  a  single  well  is  not  definitely  known  and  is,  of 
course,  variable,  but  it  is  at  least  certain  that  a  well  drilled  close,  to 
A  property  line  will  draw  these  minerals  from  adjoining  portimis 
of  neighboring  tracts.  Under  a  leasing  law  the  person  required  to 
P^J  iOT  deposits  of  these  minerals  would  not  necessarily  be  the  person 
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under  whose  holdings  they  originally  occurred  but  the  person  from 
whose  leasehold  they  were  produced,  and  the  price  would  be  fixed 
by  unit  of  quantity.    The  fairness  of  this  plan  is  obvious. 

The  uncertainties  as  to  market  value  of  potash  and  other  non- 
metals  except  coal,  oil,  gas,  and  phosphate  make  the  payment  of 
a  sale  price  undesirable  and  the  payment  for  the  minerals  as  mined 
much  more  advantageous  to  the  producer.  In  fact,  one  of  the 
main  arguments  for  the  leasing  as  opposed  to  the  sale  system,  not 
only  for  potash  but  for  coal,  oil,  gas,  and  phosphate  as  well,  is 
that  instead  of  being  required  to  advance  the  entire  price  of  the  land 
at  the  outset,  the  payments  are  made  only  as  the  mineral  is  pro- 
duced, thus  enabling  the  operator  to  begin  operations  with  a  much 
smaller  initial  invesixnent.  This  is  certainly  advantageous  to  the 
small  operator.  Moreover,  under  a  lease  law  the  many  uncertainties 
which  enter  into  the  fixing  of  sale  prices  would  be  eliminated,  since 
only  the  quantity  produced  would  be  paid  for. 

Probably  the  prc^nt  mineral  laws  are  more  satisfactory  when 
applied  to  the  metals  than  to  the  other  minerals.  Without  doubt  even 
here  a  lease  law  would  effect  a  marked  improvement  on  present  prac- 
tice, but  if  they  were  modified  in  three  features  the  laws  applicable 
to  metalliferous  lands  would  be  reasonably  satisfactory  to  the  'miner 
and  to  the  public  at  large.  In  any  event,  the  law  of  the  apex  should 
be  abolished,  the  provisions  regarding  discovery  should  be  modified, 
and  the  period  for  which  a  claim  may  be  held  without  patenting 
should  be  limited.  Regarding  the  first  of  these  points  there  is  little 
need  for  argument.  Mining  congresses  and  bar  associations  have 
alike  recommended  the  repeal  of  the  apex  provision  and  shown  con- 
clusively the  detriment  which  it  is  and  has  been  to  the  mining  in- 
dustry. That  it  is  possible  to  do  away  with  it  without  resultant  con- 
fusion is  shown  by  the  experience  of  British  Columbia.  One  point, 
however,  should  not  be  overlooked — ^if  the  law  of  the  apex  is  abol- 
ished the  width  of  the  claim  should  be  increased  in  order  to  assure 
sufficient  values  to  warrant  the  opening  of  a  mine. 

The  requirement  that  mineral  shall  be  discovered  as  a  prerequisite 
to  location  is  one  that  works  undue  hardship  to  those  exploiting  deep- 
seated  deposits  that  do  not  crop  out  at  the  surface,  such  as  those 
included  in  the  mineral-land  withdrawal  in  Arizona.  Such  deposits 
are  by  no  means  rare  in  certain  mining  districts  of  the  West,  and 
the  law  should  be  so  modified  as  to  provide  either  for  some  ade- 
quately safeguarded  substitute  for  discovery  or  for  the  protection 
of  the  miner  during  the  long  and  expensive  prospecting  which  he 
must  carry  on  before  minerals  can  be  discovered.  Such  protection 
would  be  best  afforded  by  a  provision  for  a  prospecting  permit  of 
limited  duration,  to  be  granted  only  if  the  geologic  ccmditions  are  at 
least  moderately  favorable  for  the  occurrence  of  the  mineral  sought 
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0ttdtf  ^  law  as  it  now  stands  a  claim  may  be  held^iiiHefiiutely 
withoat  an  attempt  to  obtain  patotit,  and  so  long  as  th^  annnalas* 
sessment  work  is  performckl  the  claim  is  secure  againsf  adverse 
claimants.  Until  patent  is  issued  no  taxes  are  assessable  by  the 
State,  and  many  producing  mines  refrain  from  patenting  in  order 
to  avoid  taxation.  A  limit  to  the  number  of  years  that  a  claim  may 
be  held  pending  the  institution  of  patent  proceedings  would  correct 
this  abuse. 

It  is  not  only  with  relation  to  mineral  deposits  nor  by  comparison 
with  a  sale  i^stem  that  a  leasing  system  is  advocated.  Leasing 
should  replace  the  present  permit  system,  under  which  rights  of  way 
across  the  public  domain  are  granted  for  reservoir  sites,  power  devel- 
opment and  transmission,  and  irrigation  works.  Under  the  existing 
laws  the  right  of  way  granted  is  either  in  perpetuity  or  is  revocable 
in  the  discretion  of  the  Secretary  of  the  Interior.  Both  of  these 
conditions  are  imdesirable — ^the  first  because  the  resource  passes  for- 
ever beyond  the  direct  control  of  the  public,  which  thus  becomes 
powerless  to  guard  against  misuse,  disuse,  or  monopoly ;  the  second 
because  the  capital  which  is  required  in  the  construction  of  such  en- 
terprises is  not  sufficiently  protected.  Between  the  grant  in  per- 
petuity, which  inadequately  protects  the  public,  and  the  revocable 
permit,  which  inadequately  protects  the  capital  invested,  lies  the 
lease,  which  adequately  protects  both.  By  leasing  rights  of  way  for 
a  fixed  period  of  years  absolute  control  would  periodically  return  to 
the  public,  while  the  investor  would  be  secure  for  a  period  long 
enough  for  his  investment  to  return  a  profit. 

If  a  lease  law  is  to  be  adopted  certain  provisions  should  be  incor- 
porated in  it,  whether  it  is  for  a  single  resource  or  for  all.  In  the 
first  place  the  end  to  be  attained  is  not  revenue  for  the  Government 
but  is  rather  the  retention  of  control  in  the  public.  It  would  be  a 
long  step  backward  to  return  to  the  early  policy  of  using  the  public 
lands  as  a  means  of  Federal  revenue,  and  any  lease  law  enacted 
should  be  so  framed  as  to  encourage  development,  prohibit  specula- 
tion, and  add  nothing  to  the  cost  of  the  resource  to  the  consumer. 
The  States  in  which  the  lands  are  situated  should  be  compensated 
for  the  loss  of  taxes  which  they  would  suflfer  from  the  permanent  re- 
tention of  the  fee  to  natural  resources  in  the  National  Government. 
Doubtless  the  simplest  way  to  accomplish  this  is  to  provide  that  a 
certain  percentage  of  net  receipts  from  leasing  shall  go  to  the  State 
in  which  the  lands  are  situated.  The  term  of  a  lease  should  be  long 
enough  to  permit  profitable  investment  and  development.  It  should 
not  be  longer  than  is  necessary  to  furnish  an  adequate  return  on  the 
amount  invested. 

Whatever  action  C!ongress  may  decide  to  take  regarding  the  natural 
resources  now  in  public  ownership  should  not  be  much  longer  de- 
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layed.  The  present  withdrawals  are  a  temporary  expedient  whose 
employment  should  be  rendered  unnecessary  as  soon  as  possible.  It 
can  not  be  economically  advantageous  to  the  country  to  have  mil- 
lions of  acres  of  lands^  valuable  for  petroleum,  phosphate,  or  potash 
or  for  power  or  reservoir  sites,  absolutely  segregated  from  all  forms 
of  disposal  for  an  indefinite  period.  Some  of  the  lands  have  already 
been  so  withdrawn  for  nearly  four  years.  Congress  should  be  fully 
informed  concerning  all  the  factors  to  be  considered,  but  it  should 
also  act  promptly. 

CliASSinCATION  OF  MINERAL  liANDS. 

TIEIiD  METHODS. 
DEVELOPMEKT. 

Since  the  United  States  Geological  Survey  was  organized  the 
methods  it  employs  in  its  diverse  field  investigations  have  gradually 
become  more  refined  and  more  precise.  If  a  topographic  map  made 
by  the  Survey  20  years  ago  is  compared  with  one  of  its  recent  maps 
the  difference  will  be  patent  even  to  the  untechnical  critic,  yet  many 
of  the  important  improvements  adopted  during  that  period  do  not 
appear  on  the  map.  The  closer  and  more  accurate  triangulation 
net,  the  great  increase  in  the  numbers  of  intersected  points  and  of 
level  lines,  and  the  general  completeness  of  both  vertical  and  hori- 
zontal control  are  not  directly  reproduced  on  the  completed  sheet, 
but  they  have  been  used  in  its  preparation  and  give  it  far  greater 
accuracy  and  expressiveness  than  the  earlier  maps.  The  methods 
employed  by  the  engineers  of  the  water-resources  branch  and  by 
the  geologists  of  the  geologic  branch  have  likewise  imdergone  steady 
and  consistent  development. 

Perhaps  nothing  in  recent  years  has  so"  directly  stimulated  the 
employment  of  more  precise  methods  in  field  work  as  the  require- 
ments of  land  classification,  and  the  development  here  is  well  ex- 
emplified in  the  work  done  by  the  coal  geologists.  The  law  under 
which  coal  land  is  classified,  unlike  the  laws  controlling  the  classi- 
fication of  lands  containing  other  mineral  resources,  requires  a  valu- 
ation of  the  land.  It  is  therefore  especially  necessary  to  trace  the 
outcrops  of  coal  beds  with  exactness  and  to  fix  their  relations  to  the 
units  of  the  public-land  surveys  by  precise  methods.  This  has  led 
to  the  introduction  of  refinements  that  are  not  generally  considered 
necessary  in  pi-eparing  a  geologic  folio  or  in  determining  the  general 
relations  of  the  formations  in  any  region.  It  is  perhaps  worth  while 
to  trace  a  part  of  this  development  of  the  field  methods  employed  in 
the  classification  of  coal  lands,  as  an  example  of  a  general  improve- 
ment and  as  an  introductioix  to  a  discussion  of  the  methods  now 
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generally  used  by  the  geologist  in  the  solution  of  problems  of  classi- 
fication. 

The  acts  separating  the  mineral  and  agricultural  estates  of  coal 
lands  were  not  passed  until  1909  and  1910,  so  that  the  withdrawals 
of  coal  land  promulgated  prior  to  that  time  prevented-  the  initia- 
tion of  both  homestead  rights  and  coal  entry  on  the  same  tract.  In 
order  that  this  interference  with  agricultural  development  might  be 
reduced  to  a  minimum,  the  first  examinations  were  directed  toward 
the  correction  of  the  withdrawals  by  the  prompt  elimination  from 
them  of  the  noncoal  land.  The  methods  first  used,  therefore,  were 
planned  with  the  idea  of  covering  large  areas  quickly  and  did  not 
involve  a  marked  departure  from  reconnaissance  methods  already  in 
vogue,  except  that  it  became  necessary  to  tie  the  investigations  as 
closely  as  possible  to  such  cadastral  surveys  as  existed.  One  of  the 
first  methods  employed  at  the  beginning  of  the  work  of  coal-land 
classification  in  1906  and  1907  was  jthat  of  retracing  land  lines.  In 
doing  this  work  the  field  men  rode  along  the  section  lines  established 
by  the  General  Land  Office,  using  the  pocket  compsvss  to  determine 
direction  and  horse  pacing  to  measure  distance.  Coal  outcrops  along 
the  section  lines  were  mapped,  the  geology  was  studied  in  a  general 
way,  and  a  sketch  of  the  topography  was  made. 

In  areas  in  which  the  absence  of  satisfactory  land  comers  made  it 
necessary  to  construct  a  map  independently  of  the  Land  Office  sur- 
veys a  different  method  was  adopted.  By  the  use  of  a  15-inch  plane 
table  and  an  open-sight  alidade  a  main  or  control  traverse  was  run, 
completing  a  circuit  of  the  field,  distances  being  measured  by  inter- 
sections from  points  previously  located  and  altitudes  determined  with 
an  aneroid  barometer.    The  topography  and  geology  were  mapped 

by  means  of  a  network  of  secondary  traverse  lines  tied  to  the  primary 
traverse.  As  the  work  progressed  a  more  or  less  complete  system  of 
triangulation  was  established  which  could  be  used  in  adjusting  the 
main  plane-table  traverse,  and  in  turn  the  plane-table  traverse  served 
to  check  meander  traverse.  In  running  these  meander  traverses  a 
pocket  compass  was  used  for  obtaining  directions,  distances  were 
measured  by  pacing,  and  elevations  were  determined  by  aneroid. 
The  meander-traverse  lines  were  plotted  in  the  field  as  the  work  ad- 
vanced, a  small  celluloid  protractor  being  used  for  laying  off  angles 
and  a  scale  graduated  to  correspond  to  the  scale  of  the  township 
plats  being  used  for  measuring  horizontal  distances.  During  the 
field  work  especial  care  was  taken  to  locate  whatever  land  comers 
existed,  in  the  hope  that  these  comers  would  serve  as  a  basis  for 
later  adjustm^it  of  the  township  and  section  lines  on  the  map. 

These  two  methods  probably  represent  fairly  the  general  field 
methods  in  use  during  1906  and  1907,  in  connection  with  classifica- 
tion of  coi^l  landf    Some  icloft  i^i  tQ  the  speed  attained  in  this  work 
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may  be  formed  from  the  statement  that  on  an  average  a  town^p 
(36  square  miles)  was  completed  by  one  man  in  four  days.  The  fol- 
lowing figures  will  also  give  some  idea  of  the  effectiveness  of  these 
methods  for  the  purpose  which  they  were  designed  to  accomplish. 

During  the  last  six  months  of  1906  the  total  area  withdrawn  for 
examination  was  approximately  66,000,000  acres,  and  by  the  close 
of  that  year,  as  a  result  of  the  field  examinations,  approximately 
2,000,000  acres  had  been  restored  to  public  entry.  During  1907  there 
was  an  additional  preliminary  withdrawal  of  approximately  2,000,000 
acres  and  by  the  end  of  the  same  year  about  34,000,000  acres  had  been 
added  to  the  i-estoratiims.  Thus,  of  the  68,000,000  acres  withdrawn 
during  the  first  two  years  about  36,000,000  acres  were  restored  as 
noncoal  land  as  a  result  of  the  rapid  methods  then  used.  Had  the 
Survey  attempted  a  detailed  study  of  these  lands  from  the  beginning, 
there  would  have  been  much  undesirable  delay  in  the  restoration  of 
large  bodies  of  noncoal  lands  to  entry.  These  early  relatively  inexact 
methods  were  therefore  well  adapted  to  the  ends  they  were  designed 
to  accomplish. 

The  principal  areas  of  coal  land  having  been  outlined  by  rec<m- 
naissance  surveys,  attention  was  next  turned  to  more  improved  meth- 
ods of  field  work  to  meet  the  constantly  growing  need  for  better  and 
more  detailed  classification.  The  reconnaissance  method  was  then 
replaced  by  that  in  which  plane  table  and  telescopic  alidade  are  em- 
ployed. The  most  satisfactory  alidade,  which  was  designed  by  one 
of  the  geologists  engaged  in  the  classification  work,  is  a  small  instru- 
ment carrying  a  telescope  fitted  with  cross  wires  for  stadia  work  and 
a  vertical  arc  for  determining  differences  of  altitude. 

The  details  of  method  used  in  plane-table  mapping  are  varied 
according  to  the  topography  and  the  forest  conditions  of  the  area 
mapped,  as  well  as  according  to  the  condition  of  the  land  survey. 
In  an  area  where  there  have  been  no  land  surveys  or  where  those  that 
have  been  made  are  very  poor,  the  triangulation  or  stati(m  method 
is  preferred,  but  stadia  work  only  is  practicable  in  certain  areas — 
for  example,  heavily  wooded  districts  or  regions  cut  by  deep,  narrow 
canyons.  Either  method,  however,  gives  excellent  results,  for  by 
either  the  coal  outcrop  is  actually  traced  in  the  field  and  the  exact 
horizontal  and  vertical  positions  are  determined  for  every  observa- 
tion. In  connection  with  these  precise  locations  full  data  are  pro- 
cured on  the  character  of  the  coal.  If  the  region  is  undeveloped  and 
no  coal  mines  or  prospect  pits  are  available  for  examination,  open- 
ings are  made  and  sections  are  measured  wherever  such  work  is  neces- 
sary to  give  adequate  data  for  classification. 

Perhaps  the  most  detailed  work  that  is  now  being  done  in  the 
coal  areas  is  that  carried  on  in  those  districts  where  the  geologist 
works  in  conjunction  with  the  topographer.    This  method  results  in 


FIELD  METHODS.  68 

a  reduced  cost  of  the  work  and  a  great  degree  of  accuracy  in  location. 
In  work  of  this  kind  the  geologist  usually  examines  the  territory  in 
advance  of  the  topographer,  prospecting  the  coal  bed  and  carefully 
marking  by  means  of  flags  all  prospects  and  coal  outcrops  which  he 
desires  the  topographer  to  locate.  The  topographer,  in  the  course  of 
his  mapping,  determines  both  th^  horizontal  and  the  vertical  positions 
of  all  points  flagged  by  the  geologist.  This  work  is  done  instru- 
mentally  and  with  great  accuracy,  the  probable  limit  of  error  in 
the  horizontal  location  of  any  point  being  less  than  20  feet  and 
in  the  vertical  location  less  than  5  feet  With  many  points  on  the 
outcrop  thus  accurately  located,  underground  structure  can  be  de- 
termined with  a  degree  of  accuracy  that  has  seldom  been  attained  in 
geologic  work. 

With  this  preliminaiy  statement,  it  is  proposed  to  set  forth  briefly 
some  of  the  methods  now  in  use  under  the  various  conditions  that 
confront  the  geologist  who  is  assigned  to  the  task  of  making  a  mineral 
classification  of  a  specific  area. 

A.  If  he  is  required  to  make  a  detailed  survey,  he  will  find  one  of 
the  following  conditions  existing: 

(a)  A  topographic  base  is  available. 

(b)  A  base  map  is  not  available  but  must  be  made. 

(c)  A  topographic  base  is  not  available  and  is  not  essential,  the 
land  survey  sufficing  as  a  base  map. 

B.  If  he  is  making  a  preliminary  survey  only  he  will  use  recon- 
naissance methods. 

DETAn«ED  8UBVET.  - 

SCXTBODS  WED  WRKXT  A  TOPOOaAPHZO  BAMR  IM  AVAZXiABXJL 

It  is  desirable  that  the  examination  of  the  mineral  deposits  in 
regions  of  especial  economic  importance  be  based  on  an  accurate 
topographic  map  prepared  in  advance  of  the  geologic  examination. 
Such  a  map,  on  which  are  shown  the  relief  by  contours  of  appropri- 
ate intervals,  the  position  and  character  of  the  drainageways,  and  the 
location  of  land  corners,  roads,  houses,  and  the  bench  marks  and  tri- 
angulation  stations  established  by  the  topographers,  enables  the  geolo- 
gist to  determine  by  surveyor's  methods  the  location  of  the  numerous 
points  at  which  he  makes  observations,  with  a  minimum  expenditure 
of  time  and  with  a  degree  of  precision  adequate  to  the  scale  of  the 
map  and  the  work  in  hand.  The  scales  which  are  generally  used  by 
the  Geological  Survey  in  work  of  this  character  are  about  IJ  or  2 
inches  to  the  mile,  with  contour  intervals  of  10,  20,  or  50  feet.  The 
degree  of  accuracy  attained  in  work  on  such  maps  is  represented  by 
the  width  of  a  carefully  drawn  pencil  line,  or  less  than  20  feet  for  lo- 
cations where  refined  plane-table  methods  are  employed — for  example, 
along  the  outcrop  of  the  coal,  oil  sand,  or  phosphate  bed*-and  by  a 
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somewhat  variable  larger  figure  for  locations  requiring  a  less  degree 
of  accuracy  and  made  with  less  precise  instruments.  The  actual  ele- 
vation of  observations  along  the  outcrop  of  the  valuable  bed  is  deter- 
mined with  surveying  instruments,  so  that  the  error  is  rarely  in  excess 
of  5  feet,  an  amount  which  is  practically  negligible  in  mountainous 
regions.  In  special  cases,  however,  a  higher  degree  of  precision  is 
attained. 

The  information  collected  by  the  geologist  in  the  field  relates  to 
the  quality  and  thickness  of  the  economic  deposit,  the  position  of  its 
outcrop  relative  to  legal  subdivisions,  and  its  depth  and  accessibility 
where  covered.  He  maps  the  actual  position  of  the  outcrop  of  the 
coal  bed,  oil  sand,  or  phosphate  bed  by  making  careful  locations  at 
many  points,  as  described  above,  and  where  possible  determines  the 
attitude  of  the  bed  by  many  careful  dip  readings  with  a  clinometer 
or  by  computation  from  its  elevation  at  several  points.  He  also  maps 
the  position  of  the  top  and  bottom  of  the  overlying  and  underlying 
beds,  so  that  the  ccxnpleted  map  shows  the  actual  area  covered  by  the 
outcrop  of  beds  of  sandstone,  limestone,  conglomerate^  shale,  or  such 
other  rocks  as  may  be  present  in  the  region.  He  further  determines 
the  attitude  of  these  rocks  and  collects  typical  samples  and  fossils 
which  serve  to  determine  their  relative  age.  Part  of  this  information 
is  represented  on  the  map  by  symbols  whose  significance  is  expressed 
in  the  accompanying  legend,  and  part  is  recorded  in  suitable  note- 
books for  use  in  the  preparation  of  reports.  This  information  is  put 
together  in  a  tabular  form  showing  the  normal  arrangement  of  the 
beds,  which  is  technically  spoken  of  as  a  columnar  section.  Such  a 
section  shows  the  normal  distance  through  the  strata  from  the  economic 
bed  to  the  top  or  bottom  of  any  one  of  the  constantly  related  overlying 
or  underlying  beds,  and  it  is  used  in  combination  with  the  data  on  the 
outcrop  of  the  overlying  rocks  in  working  out  the  theoretical  under- 
ground position  of  the  bed.  The  methods  of  making  the  c(»nputati(Mi 
are  explained  in  detail  in  the  following  discussion  of  the  examination 
of  areas  for  which  a  topographic  base  is  not  available. 

The  deposits  of  present  economic  importance  or  of  promise  for  the 
future  are  sampled  at  many  points  where  the  natural  exposures  are 
favorable  and  in  other  places  by  means  of  pits,  trenches,  or  drill  holes. 
All  the  samples  from  any  one  deposit  are  taken  by  a  uniform  method 
designed  for  that  kind  of  material. 


In  the  detailed  geologic  study  of  an  area  it  is  usually  necessary  to 
construct  a  map  which  shall  place  before  the  eye  of  the  geologist  all 
the  available  information  concerning  the  area  in  such  space  that  it 
can  be  viewed  as  a  whole  and  the  correct  relations  of  details  compre- 
hended as  they  could  not  be  on  the  ground.    Such  a  map  to  be  of 
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the  greatest  value  should  show  not  only  geology  but  surface  relief 
and  the  positions  of  streams,  roads,  and  houses^  with  the  legal  sub- 
divisions of  the  public-land  surveys,  in  order  that  the  geology  may 
appear  in  its  true  relation  to  surface  features.  The  construction  of  a 
map  giving  such  details  is,  strictly  speaking,  the  work  of  the  topog- 
rapher rather  than  of  the  geologist,  but  the  latter  may  be  called  upon 
to  examine  an  area  for  which  no  adequate  base  map  has  been  prepared 
and  he  is  therefore  obliged  to  construct  a  map,  either  contoured  or 
plain,  on  which  to  record  the  geology.  Such  a  map  may  be  made  by 
the  use  of  various  instruments,  perhaps  the  most  satisfactory  in  both 
accuracy  and  speed  being  the  plane  table  and  the  telescopic  alidade. 
These  instruments  used  with  a  system  of  triangulation  are  particu- 
larly adapted  to  open  country  in  which  signals  caii  be  seen  for  con- 
siderable distances.  In  areas  where,  for  various  reasons,  it  is  impos- 
sible to  sight  distant  signals  the  method  of  stadia  traverse  is  employed, 
the  same  instruments  being  used  in  conjunction  with  the  stadia  rod. 

In  constructing  a  map  by  a  system  of  triangulation,  the  procedure 
is  briefly  as  follows : 

A  base  line  is  measured  and  the  plane  table  is  set  up  at  one  end  of  it 
and  properly  adjusted  so  that  one  edge  of  the  table  lies  in  a  north- 
south  line.  The  base  line  is  then  plotted  on  a  selected  scale,  usually 
from  1  to  4  inches  to  the  mile,  and  sights  are  taken  and  lines  drawn 
in  the  direction  of  monuments  on  prominent  hilltops.  The  plane 
table  is  then  transferred  to  the  other  end  of  the  base  line  and  cor- 
rectly oriented  by  back  sight  Sights  are  then  taken  and  lines 
drawn  in  the  direction  of  the  monuments  sighted  from  the  first  sta- 
tion. The  intersection  of  the  two  lines  drawn  in  the  direction  of 
each  monument  establishes  its  locaticm  in  relation  to  the  base  line  as 
indicated  on  the  map.  After  the  various  signals  are  located  in  a 
certain  area  the  plane  table  may  be  set  up  at  any  point  whose  loca- 
tion is  not  known,  and  after  it  is  approximately  oriented  by  compass 
sights  may  be  taken  to  the  points  already  located  and  the  position  of 
the  instrument  determined  by  lines  drawn  from  the  locations  of 
these  signals  on  the  map.  These  lines  should  exactly  meet  at  a  point. 
If  they  do  not  so  meet  there  is  s(»ne  inaccuracy  either  in  the  pre- 
vious work  or  in  the  orientation  of  the  plane  table.  It  is  thus  pos- 
sible to  keep  a  close  check  on  the  work  and  points  may  be  located 
as  accurately  as  the  scale  of  the  map  allows. 

On  a  scale  of  2  inches  to  the  mile  a  distance  of  10  feet  would  be 
represented  by  the  width  of  a  fine  pencil  line,  and  it  is  not  possible 
to  plot  a  distance  of,  say,  5  feet.  A  distance  of  10  or  15  feet,  how- 
ever, is  perceptible,  and  locations  may  be  accurately  made  within 
such  distances.  If  the  scale  is  increased  to  4  inches  to  the  mile  the 
error  in  the  location  of  a  point  should  not  exceed  10  feet  After 
the  primaiy  signals  are  established  over  the  township  the  base  map 
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and  the  geologic  map  may  be  constructed  simultaneously — that  is, 
in  tracing  the  exposures  of  some  particular  bed,  such  as  a  coal  or 
phosphate  bed  or  an  oil  sand,  the  geologist  may  sketch  in  the  roads 
or  streams  or  topographic  features  near  whidthis  instrument  happens 
to  be  set. 

In  mapping  a  particular  area  geologically  as  many  points  are 
located  as  are  necessary  for  the  degree  of  accuracy  desired  on  the 
map.  In  critical  parts  of  an  oil  field,  where  all  dip  readings  are 
located  by  the  plane  table,  observations  may  be  taken  every  400  or 
500  feet,  but  in  parts  of  the  area  outside  of  the  probable  extent  of 
the  oil  pool  dip  readings  taken  every  mile  may  be  amply  sufficient  if 
the  dip  is  regular.  Places  at  which  fossils  are  collected  are  marked 
on  the  map  and  also  places  at  which  rock  specimens  and  coal,  phos- 
phate, or  oil  samples  are  taken,  as  well  as  localities  where  sections 
of  the  beds  or  other  geologic  observations  are  made.  In  the  con- 
struction of  such  a  map  any  land  comers  that  may  be  fotmd  are 
located  from  the  signals  previously  established,  just  as  rock  out- 
crops and  other  features  of  interest  are  located.  Tlie  land  net  is 
afterward  drawn  in  from  the  comers  which  have  been  found,  and 
any  inaccuracies  and  irregularities  in  the  old  surveys  will  thus  be 
detected.  In  land  classification  the  tracts  are  always  described  with 
reference  to  these  surveys,  so  it  is  veiy  essential  to  locate  as  many  of 
the  comers  as  possible  in  order  that  the  positicm  of  the  land  Unes 
may  be  accurately  known.  The  time  required  to  construct  a  map 
of  this  kind  varies  greatly  with  the  nature  of  the  country  and  the 
character  of  the  geology.  One  man  can,  as  a  rule,  establish  primary 
control  over  a  township  in  one  to  three  days,  the  time  required  being 
dependent  entirely  on  the  number  of  locations  made  and  the  nature 
of  the  country  traversed. 

The  method  of  locating  important  rock  outcrops  by  stadia  traverse 
may  be  successfully  employed  in  conjunction  with  location  by  trian- 
gulation,  or  it  may  be  used  alone  without  triangulation.  In  running 
a  traverse  with  stadia  the  instrument  man  can  not  work  alone  but 
must  employ  the  services  of  a  rodman.  The  plane  table  is  set  at  soido 
known  point,  the  stadia  rod  is  held  on  the  point  whose  location  is  de- 
sired, and  the  direction  from  the  point  occupied  to  the  other  point  is 
drawn  on  the  map  by  means  of  the  alidade.  The  distance  is  read  by 
means  of  the  stadia  and  platted  on  the  map  by  the  use  of  a  scale, 
in  the  direction  already  recorded ;  this  locates  the  second  point  The 
instrument  is  then  transferred  to  a  third  point,  the  location  of  which 
is  determined  by  a  reversal  of  the  method  used  in  locating  the  seccmd. 
The  rod  is  then  moved  ahead  and  the  process  is  r^)eated.  Such 
a  method  is  most  useful  when  a  coal  or  phosphate  bed  or  an  oil  sand 
is  to  be  outlined  in  great  detail  or  when  the  woric  is  done  in  deep 
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valleys  or  canyons  from  whidi  it  is  difficult  to  sight  triangolation 
signflJs. 

In  the  above  description  no  mention  has  been  made  of  the  method 
of  determining  elevations,  which  in  much  of  the  work  are  of  great 
importance.  With  a  telescopic  alidade  the  angle  of  elevation  or  de- 
pr^on  from  one  point  to  another  can  be  accurately  determined. 
This  angle  being  known  and  the  distance  between  the  two  points  be- 
ing measured  with  a  scale  from  the  locations  of  the  points  on  the  map 
or  by  reading  a  stadia  rod,  the  problem  resolves  itself  into  the  solu- 
tion of  a  right-angle  triangle  in  which  one  side  and  one  of  the  acute 
angles  are  known,  the  side  to  be  determined  representing  the  vertical 
distance  between  the  two  points,  or,  in  other  words,  the  difference  of 
elevation  between  them.  The  altitude  of  a  starting  point  being 
known  or  assumed,  it  is  possible  to  calculate  the  altitude  of  any  num- 
ber of  points  in  any  direction  from  it.  Elevations  determined  by  thid 
method  are  not  absolutely  exact  but  are  of  sufficient  accuracy  for 
most  purposes  of  geologic  mapping.  In  ordinary  practice  they  arc 
correct  within  5  or  6  feet,  but  with  certain  refinements  of  work  the 
error  can  be  reduced  to  1  foot  or  even  less. 

It  is  advantageous  to  represent  on  a  map  in  some  manner  the  form 
of  the  rock  folds,  which  may  or  may  not  correspond  to  the  surface  re- 
lief. Ordinarily  surface  relief  is  represented  on  a  contour  map  by  lines 
drawn  to  indicate  definite  elevations  above  sea  level,  one  line,  for  ex- 
ample, at  4,000  feet,  the  next  at  4,100  feet,  the  next  at  4,200  feet,  and 
so  on.  These  lines  not  only  show  the  conjuration  of  the  surface  but 
also  give  approximately  the  elevation  of  any  point  within  the  area 
thus  mapped.  It  is  possible  to  contour  in  the  same  way  the  surface 
of  an  oil-bearing  sandstone  or  a  coal  or  phosphate  bed  which  has 
been  bent  into  a  fold.  Such  contours  are  known  as  structure  con- 
tours. They  bear  no  necessary  relation  to  surface  relief.  In  fact, 
a  valley  may  occupy  the  axis  of  an  anticline  or  a  ridge  the  axis  of  a 
syncline. 

Sedimentary  beds  deposited  one  above  another  during  a  period  in 
which  there  has  been  no  earth  movement  are  parallel — ^that  is,  if 
one  sandstone  so  deposited  is  2,000  feet  above  another  at  one  place 
it  is  probably  2,000  feet  above  the  other  1  mile  or  5  miles  away.  If 
since  their  deposition  the  beds  have  been  tilted  from  the  horizontal, 
the  dip  of  a  bed  at  the  surface  in  general  represents  the  dip  of  the 
beds  below  it  If  a  certain  oil-bearing  sandstone  dips  5^  E.  where 
it  appears  at  the  surface  and  overlying  beds  of  the  same  formation 
outcropping  east  of  the  exposure  of  the  first  bed  also  dip  5^  in  the 
same  direction,  it  is  probable  that  the  first  bed  and  all  intermediate 
beds  have  the  same  dip  in  this  area  also.  A  dip  of  1^  is  equivalent 
to  about  92  feet  in  a  mile,  and  a  dip  of  5^  to  about  460  feet  in  a  mile. 
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Therefore  a  bed  that  dips  5^  E.  under  a  horizontal  plain  is  460  ftet 
beneath  the  surface  at  a  point  1  mile  east  of  the  outcrop. 

If  it  appears  from  surface  exposures  of  the  overlying  rocks  that 
the  dip  is  not  constant,  allowance  must  be  made  for  the  variations 
in  the  calculation.  In  areas  in  which  drilling  has  been  carried  on 
the  records  of  the  wells  are  invaluable  as  giving  accurately  the  depths 
of  beds  beneath  the  surface,  thus  checking  the  deductions  frcrni  sur- 
face evidence. 

The  locations  of  structure  contours  are  based  on  a  variety  of  data. 
If  a  well  whose  altitude  at  the  surface  is  4,000  feet  strikes  an  oil  sand, 
for  example,  at  a  depth  of  1,000  feet,  it  is  evident  that  the  3,000*foot 
contour  on  the  oil  sand  passes  through  the  location  of  this  well  on 
the  map.  If  the  rocks  dip  toward  the  east  and  a  sandstone  known 
to  be  2,000  feet  above  the  oil  sand  outcrops  half  a  mile  east  of  the 
well  at  an  altitude  of  4,500  feet,  the  oil  sand  should  be  at  this  point 
2,500  feet  above  the  sea,  or,  in  other  words,  the  2,500-foot  contour 
should  pass  through  the  location  of  this  sandstone  outcrop  on  the 
map.  If  the  dip  of  the  rocks  exposed  at  the  surface  is  constant  be- 
tween the  mouth  of  the  well  and  the  outcrop  of  the  sandstone  it  indi- 
cates that  probably  the  oil  sand  dips  regularly  to  the  east  between 
these  points,  and  the  contours  of  2,600,  2,700,  2,800,  and  2,900  feet 
may  be  spaced  evenly  between  the  2,500-foot  contour  at  the  sandstone 
outcrop  and  the  3,000-foot  contour  at  the  well.  Should  the  dip,  as 
indicated  by  the  surface  exposures,  be  irregular  between  the  two 
points,  the  contours  are  spaced  accordingly,  being  placed  nearest 
together  where  the  dip  is  greatest  and  farthest  apart  where  the  dip 

is  least. 

After  a  structure-contour  map  is  completed  it  is  possible  to  esti- 
mate from  it  the  depth  of  a  bed  of  economic  importance  at  any 
required  point,  if  the  surface  altitude  of  the  point  is  known. 


More  than  half  of  the  coal  land  still  owned  by  the  Government 
lies  in  the  rather  sparsely  settled  plains  repon  which  has  not  been 
mapped  topographically  but  has  been  covered  by  the  cadastral  sur- 
veys of  the  General  Land  Office.  For  such  land,  a  topographic  map 
not  being  essential,  a  method  of  survey  different  in  some  ways  from 
those  described  above  has  been  adopted.  Plane  table,  telescopic 
alidade,  and  stadia  rod  are  used  as  in  the  other  work,  but  the  results 
of  the  surveys  made  by  the  General  Land  Office  are  used  as  a  base 
for  the  work,  and  the  township  forms  a  unit,  the  results  being  suffi- 
ciently detailed  and  accurate  to  permit  classification  by  legal  sub- 
divisions. As  previously  stated,  some  of  these  surveys  are  not  accu- 
rate, but  they  are  official  and  in  general  they  provide  a  suitable  base 
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for  the  survey.  Locations  and  measurem^its  are  therefore  accepted 
as  recorded  on  the  Land  Office  plats  unless  the  field  work  proves 
them  to  be  in  error. 

If  a  preliminary  examination  of  the  township  to  be  surveyed 
shows  that  it  contains  only  a  few  isolated  outcrops  of  coal  beds  and 
no  continuous  exposures,  the  geologist  locates  the  outcrops  by  tri- 
an^lation  and  sketches  their  inferred  locations.  For  the  triangula- 
tion  two  convenient  land  comers  are  selected  from  which  to  begin 
work,  and  for  a  base  line  the  distance  given  on  the  land  plats  is  used, 
it  being  assumed  that  this  distance  has  been  correctly  determined 
in  the  land  surveys.  The  comers  thus  selected  are  located  on  a 
plane-table  sheet,  and  from  them  other  triangulation  stations  are 
established  over  the  field  and  their  elevations  determined  by  vertical 
angles,  as  already  described.  After  enough  points  to  control  the 
work  in  the  township  have  been  established  the  geologist  makes  a 
detailed  examination  of  the  coal.  He  goes  to  each  outcrop  and  digs 
or  bores  through  the  bed  to  learn  the  thickness  of  each  bench  of 
coal  and  of  each  parting  and  to  obtain  samples  of  the  coal  for  study 
or  analysis. 

After  the  bed  has  been  examined  and  the  dip  of  the  strata  has  been 
measured  the  position  of  the  outcrop  is  located  on  the  plane-table 
sheet  and  the  elevation  determined. 

The  examination  of  the  coal  bed  is  most  important  It  must  be 
made  carefully  and  accurately.  Each  geologist  who  surveys  coal 
land  is  told  that "  every  inch  of  the  bed  must  be  critically  examined." 
If  the  inspection  shows  that  the  coal  may  contain  more  than  the 
normal  percentage  of  impurities  a  representative  sample  is  selected 
and  taken  to  camp,  where  an  ash  test  is  made  with  a  small  portable 
chemical  outfit.  If  there  are  mines  in  the  area  a  sample  is  procured 
according  to  the  prescribed  method  (see  p.  106)  and  is  sent  to  the 
chemical  laboratory  for  analysis.  The  strata  in  which  the  coal  is 
found  are  also  carefully  examined  to  obtain  any  additional  infor- 
mation they  may  give  concerning  the  depth  and  continuity  of  the 
coal  beds  where  they  are  covered. 

The  triangulation  method  of  location  described  above  suffices  in 
areas  where  there  are  only  a  few  small  outcrops  of  coal  beds,  but  in 
townships  which  contain  more  than  a  few  outcrops  or  in  which  the 
beds  can  be  traced  the  outcrops  must  be  accurately  located  by  stadia 
traverse  in  addition  to  the  triangulation.  If  the  triangulation  and 
stadia  work  are  done  properly,  locations  should  be  correct  within  20 
feet  and  elevations  within  5  feet 

In  work  of  this  kind  the  surveyor  traverses  the  outcrop  of  the  coal 
bed  and  with  the  aid  of  an  assistant  and  instruments  he  locates 
points  at  short  intervals  along  the  line  of  outcrop  and  sketches  its 
position  between  these  points.    All  such  locations  are  tied  to  land 
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oomers  accurately  with  instruments,  and  the  elevation  of  each  point 
is  ascertained,  so  that  the  underground  relations  of  the  bed  can  be 
determined. 

The  number  of  sections  measured  along  the  outcrop  of  the  bed  de- 
pends on  the  local  conditi<His.  If  the  bed  is  variable  it  must  be  ex- 
amined at  short  intervals,  but  if  it  is  regular  the  measurements  may 
be  made  farth^  apart.  Some  records  show  measurements  only  50 
feet  apart,  whereas  others  are  half  a  mile  or  more,  thou^  a  shorter 
distance  is  recommended.  There  is  no  definite  number  of  measure- 
ments to  tlie  township.  In  some  townships  few  are  made,  whereas 
in  others  there  are  as  many  as  a  hundred. 

At  the  same  time  that  the  geologist  is  examining  the  field  he  pro- 
cures any  information  which  may  have  been  obtained  by  miners,  pros- 
pectors, wdl  drillers,  or  others  making  excavations.  Such  informa- 
tion ordinarily  consists  of  records  of  wells,  drill  holes,  and  mine 
shafts,  mine  maps,  both  exterior  and  interior,  records  of  production 
and  use,  etc,  and  is  of  great  value  in  the  prc^r  classification  of  the 
land. 

This  method  may  be  applied  equally  well  to  materials  other  than 
coal  if  they  occur  in  or  in  a  definite  relation  to  stratified  beds,  and 
with  modifications  it  may  be  and  is  adapted  to  less  r^ular  deposits 
of  metalliferous  minerals.  Its  chief  application,  however,  in  actual 
Survey  practice  is  in  the  coal  fields  of  the  plains  region,  where  the 
recent  and  more  accurate  Land  Office  plats  are  available  as  bases. 

BECONNAISSANCE  SUBVET. 

Keconnaissance  surveys  are  ordinarily  only  preliminary  and  those 
made  for  purposes  of  classification  are  intended  to  determine  the 
general  distribution  of  the  mineral  deposits  in  areas  which  have  not 
been  described  by  geologists  or  which  may  have  been  examined  only 
casually  or  with  some  ^  other  problem  in  mind  than  that  of  dis- 
covering minerals  of  economic  value.  If  no  reliable  information  is 
at  hand  concerning  an  area  containing  public  land,  a  geologist  makes 
a  reconnaissance  to  determine  the  best  method  of  work  to  be  followed 
if  minerals  are  found. 

The  method  of  reconnaissance  varies  with  the  character  of  the 
country  to  be  examined.  If  the  country  is  suitable  for  the  use  of  the 
plane-table  method  of  surveying,  the  geologist  uses  that  method.  He 
proceeds  in  the  manner  already  described  but  on  a  smaller  scale  and 
with  less  detail.  If  the  country  can  be  readily  crossed  and  little  accu- 
racy is  required,  the  geologist  starts  with  an  assistant  and  travels  by 
buggy  to  the  points  to  be  examined.  He  determines  his  location  from 
traverses  based  on  hand-compass  readings  to  give  direction  and  on 
counted  revolutions  of  the  buggy  wheel  to  give  distance.  These 
traverses  are  tied  to  known  points  wherever  possible,  and  the  inter- 
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mediate  locations  are  adjusted  from  them.  If  the  country  can  not  be 
crossed  in  a  vehicle,  the  geologist  goes  on  horseback  or  on  foot  and 
determines  direction  as  before  and  distance  by  counting  the  number 
of  paces  taken  by  horse  or  man.  This  method  gives  considerable 
accuracy  in  location  and  provides  an  adequate  basis  for  determining 
the  general  mineral  or  nonmineral  character  of  an  area. 

State  or  county  maps  furni^  locations  for  the  geologist  on  8<»ne 
reconnaissance  trips.  T^en  working  with  such  a  map  he  starts 
from  a  town,  post  office,  or  some  point  shown  on  the  map  and  proceeds 
toward  some  other  point  also  shown.  To  obtain  his  location  at  inter- 
mediate points  he  estimates  distance  and  direction  and  records  his 
observations  with  regard  to  the  estimated  locations.  This  method  is 
seldom  used,  because  of  its  inaccuracy,  and  it  is  never  used  to  procure 
final  data  for  land  classification.  It  was  found  applicable  to^  condi- 
tions in  one  of  the  Western  States  where  large  areas  were  withdrawn 
on  the  basis  of  a  report  that  later  proved  to  be  erroneous.  In  this 
State  the  general  reconnaissance  proved  the  area  to  contain  no  coal 
of  value ;  hence  no  careful  examination  was  required. 

PUBLIC-LAND  SURVEYS. 

Public-land  surveys  made  by  the  General  Land  Office  result  in  the 
official  township  maps  which  are  the  basis  of  all  land  titles  and  to 
which,  therefore,  all  data  on  land  classification  must  finally  be  ad- 
justed. The  system  now  in  use  was  adopted  in  essentially  its  present 
form  in  1785.  Under  this  system  a  certain  initial  point  is  first  se- 
lected through  which  a  north-south  line,  called  a  principal  meridian, 
and  an  east- west  line,  called  a  base  line,  are  run.  At  successive  inter- 
vals, usually  24  miles,  north  and  south  of  the  base  line  standard 
parallels  or  correction  lines  are  established  parallel  to  the  base,  and 
similarly  at  intervals  east  and  west  of  the  principal  meridian  guide 
meridians  are  established.  Because  of  the  convergence  of  meridians 
toward  the  poles  these  guide  meridians  are  not  parallel  to  the  prin- 
cipal meridian  but  approach  it  toward  the  north.  In  order  to 
correct  this  narrowing  the  guide  meridians  are  offset  at  each  stand- 
ard parallel  and  started  anew  northward  at  their  original  dis- 
tance apart.  The  quadrilateral  thus  defined  is  subdivided  into 
townships,  each  approximately  6  miles  square,  and  each  township  in 
turn  is  divided  into  36  sections  1  mile  square.  Each  section  is  fur- 
ther subdivided  into  quarters,  and  each  of  these  is  held  to  contain 
four  40-acre  tracts,  or  quarter-quarters,  the  smallest  commonly  recog- 
nized legal  subdivision  of  the  public-land  system.  Appropriately 
marked  monuments  are  set  at  all  township  and  section  comers  and  at 
the  middle  points  of  the  side  lines  of  sections,  thus  indicating  the 
limits  of  the  quarter  sections.  Posts  indicating  the  quarter-quarters 
are  not  set,  but  this  unit,  and  indeed  in  special  cases  smaller  units  of 
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10-acre  or  even  S^-aere  tracts,  may  be  recognized  in  land  classifica- 
tion. 

This  general  plan,  where  properly  carried  out,  is  simple  and  effec- 
tive and  has  furnished  a  satisfactory  basis  for  land  records  and  titles 
for  more  than  a  century  and  a  quarter.  Its  execution,  however,  has 
not  in  all  localities  been  satisfactory.  For  a  great  many  years  the 
work  was  done  by  contract  under  State  surveyors  general,  despite 
the  repeated  and  urgent  requests  of  many  Commissioners  of  the  Gen- 
eral Land  Office  for  authority  to  do  the  work  directly.  In  earlier 
years  the  contracts  were  sometimes  distributed  as  rewards  for  po- 
litical services,  and  the  inspections  were  not  always  of  a  character 
to  guard  against  the  acceptance  of  inadequate  surveys.  Some  of  the 
contracts  were  obtained  by  honest  men  who  did  their  work  well,  but 
others  fell  to  inefficient  or  dishonest  contractors  who  made  poor  sur- 
veys or  none  at  all,  although  they  prepared  township  plats  which 
were  submitted  under  oath  as  to  their  accuracy  and  which  were  ac- 
cepted. In  the  older  fraudulent  surveys  of  this  type  all  sorts  of 
errors  and  omissions  are  encountered.  In  certain  localities  no  monu- 
ments can  be  found  and  there  is  every  reason  to  believe  that  the  lines 
were  never  run.  In  other  localities  the  work  was  done  so  carelessly 
that  the  comer  posts  are  found  far  from  the  proper  locations.  The 
General  Land  Office,  under  the  contract  system,  required  that  monu- 
ments were  to  be  made  of  stone  wherever  it  could  be  procured,  but 
the  use  of  wooden  posts  was  permitted  in  other  places.  In  some  lo- 
calities where  advantage  was  taken  of  this  permission  the  stakes  set 
were  so  small  or  so  poorly  fixed  in  position  as  to  constitute  merely  a 
nominal  observance  of  the  requirements,  and  many  of  the  stakes  thus 
set  have  disappeared. 

Within  recent  years  the  Land  Office  has  adopted  the  plan  of  mark- 
ing comers  permanently  by  deep-set  iron  posts  and  has  been  au- 
thorized by  Ck)ngress  to  make  surveys  directly  instead  of  by  contract 
These  modem  surveys  provide  a  highly  satisfactoiy  basis  for  land 
titles,  and  some  of  the  special  surveys  made  on  the  Indian  reserva- 
tions by  a  combination  of  cadastral  and  topographic  methods  are 
models  of  complete  and  satisfactory  base  mapping. 

For  purposes  of  land  classification  it  is  imperative  that  the  data 
procured  by  the  geologist  shall  be  tied  to  the  land  net  because  his 
classifications  must  be  expressed  in  terms  of  the  public-land  surveys. 
Furthermore,  these  identifications  must  be  exact,  because  it  may  oc- 
casionally be  necessary  to  estimate  values  of  the  public  lands  in  tracts 
of  40  acres,  10  acres,  or  even  2^  acres.  It  is  obvious  that  in  sudi  cases 
the  land  lines  must  have  been  accurately  run  and  the  comers  suffi- 
ciently well  established  to  permit  undoubted  identification.  In  a  few 
places  classification  has  been  impossible  because  the  land  lines  could 
Apt  b^  tomd  mi  tb9  officiiJ  ourveys  cpuld  thereloi?  npt  be  i^Ufied 
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FBXPAA&TZOir  or  DATA  VOR  CliASSmCATION. 

The  geologist,  on  returning  to  t}ie  office  from  a  fiedd  examinii- 
tion  of  land  for  the  purpose  of  classification,  informally  presents  to 
the  appropriate  section  of  the  board  a  general  outline  of  his  work, 
the  area  covered,  and  the  problems  met.  Thereupon  the  section  de- 
cides the  particular  form  of  map  and  report  desired.  The  essential 
factor  in  determining  in  just  what  form  the  data  shall  be  submitted 
is  the  requirem^it  that  all  pertinent  facts  determined  by  tiie  field 
investigator  ^all  be  recorded  and  that  the  finished  report  shall  be 
as  accurate  as  the  field  work  in  location  and  interpretation.  The 
importance  of  accuracy  and  ccxnpleteness  becomes  appar^t  when  it 
is  realized  that  the  record  once  submitted  must  form  the  basis  not 
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only  for  the  classification  of  the  land  as  mineral  or  nonmineral,  a 
claasificatiwi  which  may  affect  the  interests  of  a  large  number  of 
people,  but  also,  in  the  case  of  coal  land,  for  valuations  aggregating 
millions  of  dollars.  As  an  example,  a  copy  of  a  township  clasdfica- 
tion  and  valuation  plat  as  transmitted  to  ^e  General  Land  Office  is 
given  in  figure  1.  In  June,  1912,  private  individuals  purchased  from 
the  Government  sec,  12  of  this  township,  for  which  they  paid  the 
Classified  price  as  diown,  amounting  to  over  a  quarter  of  a  million 
dollars. 

In  general  the  data,  are  compiled  by  the  field  geologist  from  his 
original  maps  and  notes  in  two  forms.  The  first  consists  of  a  small- 
scale  map  with  an  accompanying  general  report  presenting  the  re- 
mits of  a  study  of  the  whole  field.  In  thib  report  the  geologist  dis- 
CU4B99  the  stratigraphy  and  structure  of  the  field  as  well  as  the  oc- 
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currence  of  economically  important  minerals.  On  the  map  aco(Nn- 
panying  this  report  most  of  the  finer  details  are  omitted  and  .only 
geologic  formations  and  the  outcrops  of  coal,  phosphate,  or  oil  sands 
are  shown.  The  general  report  on  a  field  contains  a  description  of 
all  that  is  known  of  the  physical  and  chemical  properties  of  the 
minerals  occurring  in  that  field.  This  report  then  serves  as  a  basis  for 
a  set  of  general  minutes,  in  which  the  appropriate  section  of  the  board 
outlines  the  application  of  the  regulations  governing  the  classifica- 
tion of  lands  containing  those  minerals  to  that  particular  field. 
After  the  general  report  has  been  considered  by  the  proper  section 
and  the  general  minutes  have  been  written,  the  field  geologist  pre- 
pares the  classification  data  and  in  the  case  of  coal  land  makes  the 
valuation,  under  the  immediate  supervision  and  with  the  assistance 
of  some  member  of  the  coal  section  of  the  board.  Later  the  record 
is  reviewed  and  passed  on  in  detail  by  the  entire  section.  Each  40- 
acre  tract,  and  sometimes  even  each  2i-acre  tract,  is  considered  indi- 
vidually and  all  facts  affecting  its  classification  as  mineral  or  non- 
mineral  are  weighed.  A  report  of  the  proceedings  of  the  section  for 
each  township  is  prepared,  giving  in  detail  the  result  of  the  classifi- 
cation and  the  reasons  therefor.  This  report  becomes  part  of  the 
permanent  records  of  the  land-classification  board. 

Detailed  reports  on  each  township  examined,  with  acoompanjring 
large-scale  maps,  constitute  the  second  form  of  data.  These  are  pre- 
pared in  addition  to  the  general  report  for  all  areas  on  which  the 
smaller-scale  map  will  not  suffice  for  classification.  On  these  large- 
scale  township  maps  every  feature  that  is  possible  of  cartographic 
portrayal  is  represented — ^the  outcrops,  dips,  and  measured  thick- 
nesses of  all  coal  or  phosphate  beds  or  oil  sands,  all  mines,  prospects, 
or  lodes,  the  location  of  these  features  with  respect  to  established 
land  lines,  and,  if  essential,  the  topography  of  the  surface.  Each 
map  is  supplemented  by  a  description  whidi  gives  the  dates  and 
methods  of  field  work,  the  condition  of  land  surveys,  the  proximity 
to  railroads,  and  a  discussion  of  the  geology.  In  the  valuation  of 
coal  land  all  calculations  by  which  the  price  per  acre  for  each  tract 
has  been  derived  are  given  in  detail. 

These  reports  and  maps  are  all  permanently  mounted,  arranged 
in  order  of  State,  range,  and  township  in  loose-leaf  locking  binders, 
and  filed  in  fireproof  steel  cases.  As  new  information  is  acquired, 
from  whatever  source,  with  regard  to  the  mineral  character  of  any 
township,  it  is  added  in  its  proper  place  in  the  binder.  Such  in- 
formation consists  of  reports  from  field  agents  of  the  Greneral  Land 
Office,  data  obtained  by  members  of  the  Geological  Survey  on  subse- 
quent examinations,  affidavits  of  public-land  claimants,  and  other 
matter.    The  original  field  sheets  and  notebooks  are  likewise  de- 
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posited  in  the  files  of  the  land-classification  board  and  are  always 
readily  available  for  use.  Card  indexes  are  maintained  covering 
both  sets  of  files. 

COAI<  LANDS. 

PURPOSE  or  CLASSIFICATION. 

By  act  of  March  3,  1873,  Congress  provided  for  the  sale  of  coal 
lands  belonging  to  the  United  States,  specifying  the  conditions  of 
sale  and  the  minimum  prices.  To  carry  out  the  act  it  is  necessary 
to  determine,  first*  what  lands  are  coal  lands  (classification),  and 
second,  at  what  price  they  shall  be  sold  (valuation).  To  give  uni- 
formity to  Executive  action  in  this  work  certain  rules  have  been 
prepared  by  the  Geological  Survey  and  approved  by  the  Secretary 
of  the  Interior  under  the  title  "  Regulations  for  the  classification 
and  valuation  of  coal  lands."  These  regulations  provide  exclusively 
for  the  classification  and  valuation  of  coal  lands  and  are  not  to  be 
confused  with  the  regulations  providing  for  the  disposition  of  coal 
lands  issued  by  the  Land  Office  under  the  title  "  Coal-land  laws  and 
regulations  thereunder."  It  is  the  province  of  the  Geological  Sur- 
vey to  determine  what  lands  are  underlain  by  coal  within  the  limits 
set  by  the  classification  regulations,  and  to  it  has  also  been  assigned 
the  work  of  valuing  the  lands  classified  as  coal  land.  Classification 
and  valuation  must  follow  three  antecedent  steps — (1)  the  adoption 
of  regulations  formulating  the  principles  and  practice  which  are 
to  govern  classification  and  valuation;  (2)  the  field  examination  to 
determine  the  presence,  position,  quality,  and  other  features  of  the 
coal  in  the  land;  (3)  the  assembling  of  the  field  data  in  such  form 
88  to  facilitate  the  work  of  classification  and  valuation  by  making 
possible  the  simultaneous  consideration  of  all  the  facts.  Finally, 
classification  and  valuation  involve  a  consideration  of  all  the  known 
facts  to  determine  what  legal  subdivisions  of  land  are  coal  lands 
under  the  regulations  and  at  what  price  they  shall  be  sold. 

Preliminary  to  the  detailed  consideration  either  in  the  field  or 
office  of  any  area  believed  to  contain  valuable  coals  the  lands 
are  withdrawn  from  entry  under  the  authority  of  the  act  of  June 
25,  1910  (36  Stat,  847),  as  amended  by  the  act  of  August  24,  1912 
(37  Stat.,  497).  A  typical  coal-land  withdrawal  order  is  appended 
with  the  accompanying  letter  of  transmittal : 

Department  of  the  Intebiob, 

United  States  Geological  Subvet, 

Washington,  January  21,  WIS, 
The  honorable  the  Secbetabt  of  the  Intbbiob. 

Sib:  Information  on  file  In  the  Survey  Indicates  that  the  land  listed  below 
contains  valuable  deposits  of  coal,  and  I  therefore  recommend  the  submission  to 
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the  President  for  appropriate  action  of  the  following  order  of  withdrawal, 
involving  1.600  acres. 

Very  respectfully,  Geo.  Otis  Smith, 

Dirrctor. 

Jawuaby  28,  1913. 
Respectfully  referred  to  the  President  with  favorable  recomniendntion. 

Samuel  Adams. 
Acting  Secretary. 

Obdeb  of  Withdrawal. 

CoaMand  withdrawal — Montana  No.  10. 

Under  and  pursuant  to  the  provisions  of  the  act  of  Congress  approved  June 
25.  1910  (36  Stat.,  847).  entitled  "An  act  to  authorize  the  President  of  the 
United  States  to  make  withdrawals  of  public  lands  in  certain  cases,'*  as  amended 
by  act  of  Congress  approved  August  24,  1912  (Public  No.  316),  and  subject  to 
the  provisions  of  the  ^ct  of  Congress  approved  June  22,  1910,  entitled  **An  act 
to  provide  for  agricultural  entries  on  coal  lands."  as  amended  by  the  act  of 
Congress  approved  April  30,  1912  (Public  No.  141),  it  is  hereby  ordered  that 
the  following-described  lands  be.  and  the  same  are  hereby,  withdrawn  from 
settlement,  location,  sale,  or  entry  and  reserved  for  classification  with  respect  to 
coal  values: 

Montana  meridian, 

T.  3  N.,  R.  3  E..  sec.  25,  NB.  |,  Si  ; 

sec.  26.  SE.  i; 
sec.  35.  E.  1; 
sec.  36,  all. 

Wm.  H.  Taft, 

PreaideiU, 
•Januabt  29,  1913. 

METHODS  OF  CLASSIFICATION. 
FBXKOIFZiES  IHVOItVSD. 

In  preparing  the  regulations  for  classification  three  principles  are  * 
paramount:  (1)  The  regulations  must  be  based  on  demonstrated 
facts  or  on  well-founded  and  generally  accepted  inferences;  (2)  they 
must  be  based  on  all  the  stable,  permanent  factors  involved;  (3) 
they  must  be  as  definite  yet  withal  as  simple  as  possible.  Ideally  the 
regulations  should  be  so  simple  that  anyone  at  all  acquainted  with 
the  subject  could  correctly  apply  them,  and  they  should  be  so  definite 
as  to  admit  of  little  or  no  disagreement  in  interpretation.  Neither 
of  these  ideal  requirements  can  be  realized. 

The  workability  of  coal  at  a  given  point  to-day  depends  on  factors 
of  two  types.  Those  of  the  first  type — such  as  quality,  thickness, 
and  depth — are  intrinsic;  those  of  the  second  type — such  as  rail- 
road transportation  and  markets — are  extrinsic.  To-day  the  extrin- 
sic factors  may  determine  absolutely  the  commercial  workability  of 
a  bed  of  coal  at  any  locality.  A  coal  bed  75  miles  from  a  railroad 
and  50  miles  from  the  nearest  town,  no  matter  how  valuable  it  may 
be  some  day,  has  to-day  a  value  that  is  purely  prospective,  depend- 
ing on  an  unknown  factor — ^the  time  when  transportation  shaU 
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reach  it.  A  new  railroad  may  "make"  a  coal-mining  district  by 
opening  new  markets  or  may  "  break  "  it  by  bringing  in  competition 
that  it  can  not  meet.  To  be  stable,  therefore,  the  regulations  must 
be  based  directly  on  the  intrinsic  factors  involved.  Tracts  classified 
as  noncoal  land  are  disposed  of  as  such  without  further  question  as 
to  their  content  of  coal.  Classification  should  therefore  anticipate 
and  assume  the  ultimate  coming  of  conditions  favorable  for  mining 
and  marketing  any  coal  if  the  coal  is  otherwise  workable. 

If  an  18-inch  coal  of  a  certain  grade  occurring  under  certain  con- 
ditions is  workable  in  Missouri  to-day,  hundreds  of  thousands  of 
tons  being  mined  yearly,  it  would  appear  to  be  a  reasonable  assump- 
tion that  a  coal  of  like  thickness  and  quality  occurring  under  similar 
conditions  elsewhere  will  be  workable  some  day  and  should  there- 
fore be  classed  as  a  workable  coal;  especially  does  this  assump- 
tion appear  reasonable  when  it  is  considered  that  everywhere  the 
tendency  is  to  extend  the  limits  of  workability.  Coal  mining 
has  nearly  always  been  conducted  on  a  very  close  margin.  In  any 
new  field — ^and  most  of  the  coal  fields  of  the  West  to-day  are 
new — only  the  most  accessible,  thickest,  and  best  of  the  coal  beds 
can  be  worked  at  a  profit  Twenty  years  hence  the  most  accessible 
coal  will  have  been  largely  mined  out  and  mining  will  be  done  on 
coal  that  is  a  little  less  accessible  and  that  costs  a  little  more  to 
mine  and  that  necessarily  will  sell  at  a  little  higher  price.  This 
higher  price  will  permit  the  mining  of  other  coal — a  little  thinner 
and  a  little  poorer — ^which  could  not  be  mined  profitably  to-day,  and 
the  process  will  continue  until  all  coal  within  minable  limits  is  ex- 
hausted. The  regulations  attempt  to  define  what  these  minable  limits 
are,  not  in  view  of  the  conditions  that  may  exist  as  the  coal  supply 
approaches  absolute  exhaustion,  but  in  view  of  actual  practice  to- 
day under  favorable  conditions  of  transportation  and  of  market. 

FAOTOBB   IHVOItVJU). 
ESSENTIALS    OF    WOBKABILITY. 

The  workability  of  any  coal  will  ultimately  be  determined  by  two 
offsetting  factors — (1)  its  character  and  heat-giving  quality,  whence 
comes  its  value,  and  (2)  its  accessibility,  quantity,  thickness,  depth, 
and  other  conditions  that  affect  the  cost  of  its  extraction.  It  must 
be  considered  a  workable  coal  if  its  value,  as  determined  by  its  char- 
acter and  heat-giving  quality,  exceeds  the  cost  of  extraction,  either 
as  judged  by  actual  experience  at  the  point  where  it  is  found  or  as 
judged  by  actual  experience  on  similar  coals  similarly  situated  else- 
where. There  are  no  absolute  limits  to  any  of  the  factors.  The  min- 
ing of  1  inch  of  coal  that  may  involve  the  mining  of  3  feet  of  rock  is 
physically  possible  but  would  not  pay.    Most  unworkable  coal  beds 
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lack  one  or  more  of  three  things— quality,  thickness,  accessibility — 
that  is,  they  are  too  poor,  too  thin,  or  too  deep.  Other  things — such 
as  poor  roof,  gas,  water,  faults,  pitch,  and  lack  of  timber — may 
render  mining  difficult  and  temporarily  unprofitable,  but  most  or  all 
of  them  are  subject  to  engineering  control.  They  may  depreciate 
the  value  of  the  coal  and  defer  its  mining  but  may  not  mak<»  it 
unworkable. 

QUALmr. 

Coal  is  essentially  a  fuel.  The  heat  afforded  by  burning  coal  is 
derived  mainly  from  its  carbon  and  the  hydrogen  that  is  free  to 
bum.  Associated  with  these  are  oxygen,  nitrogen,  water,  and  ash. 
A  pound  of  the  best  coal,  which  contains  about  90  per  cent  of  carbon 
and  "  available  "  hydrogen  and  10  per  cent  of  the  other  ingredients, 
will  yield  from  14,000  to  15,500  British  thermal  units.  A  British 
thermal  unit  (^^B.  t.  u.'-)  is  the  amount  of  heat  required  to  raise  the 
temperature  of  1  pound  of  water  1**  F.  under  certain  standard  condi- 
tions. Poorer  coals  contain  larger  percentages  of  noncwnbustible 
constituents  and  correspondingly  less  carbon  and  available  hydrogen, 
and  their  heating  value  (in  British  thermal  units  or  other  units  of 
measurement)  is  reduced  in  much  the  same  ratio.  On  analysis  some 
coals  show  a  content  of  all  impurities  that  is  in  excess  of  the  average; 
others  show  an  excess  of  ash  or  water  only ;  but  whether  the  increase 
is  in  ash  or  water,  or  both,  its  effect  is  to  decrease  the  heating  value 
of  the  coal  as  expressed  in  B.  t.  u.  Instead,  therefore,  of  specifying 
the  maximum  quantity  of  ash  or  water  allowable  in  a  commercial  or 
salable  coal  the  regulations  fix  a  minimum  value  in  B.  t.  u.  which  will 
cover  either  one  or  any  combination  of  these  two  or  any  other  impuri- 
ties. The  limit  of  allowable  impurity  in  a  salable  coal  is  affected  by 
the  facts  that  very  wet  coals  may  be  improved  by  air  drying  and  that 
coals  which  are  very  high  in  ash  may  usually  be  improved  by  washing 
or  may,  perhaps,  be  used  in  a  producer-gas  plant  The  possibility  that 
improvements  may  be  devised  in  the  utilization  of  coal — such  as  its 
entire  utilization  at  the  mine  for  producing  electric  power — ^makes  the 
determination  of  the  lowest  limit  of  usable  quality  of  coal  diffi- 
cult and  very  uncertain.  Again,  in  a  study  of  the  B.  t.  u.  value 
of  low-grade  coals  that  are  now  worked,  difficulty  is  encountered  in 
the  fact  that  many  of  the  earlier  samples  taken  were  weathered  coal. 
On  account  of  the  possible  improvement  of  the  quality  of  the  coal 
by  drying  or  by  washing,  the  lowest  limit  of  usable  quality  is  fixed 
by  analysis  of  an  air-dried  sample,  and  if  the  coal  as  obtained  in  the 
mine  contains  a  very  high  percentage  of  ash  tiie  possibility  of  its 
being  washed  is  considered.  Analyses  of  many  samples  cut  in  the 
mine  from  unweathered  coal,  according  to  the  practice  of  the  Greo- 
logical  Survey  and  the  Bureau  of  Mines,  indicate  that  any  coal  mined 
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commercially  in  the  United  States  to-day  will  yield,  after  being 
washed  or  air  dried,  at  least  8,000  B.  t  u.  This  figure  has  therefore 
been  fixed  as  the  minimum  B.  t.  u.  value  of  any  coal  that  shall  be  con- 
sidered workable.  In  practice  the  washed  product  of  any  coal  sub- 
ject to  washing  must  have  at  least  50  per  cent  of  the  weight  of  the 
unwashed  coal.  The  washability  of  any  coal  is  determined  on  a 
sample  of  one-quarter  inch  size  by  a  float  and  sink  test,  the  liquid 
used  having  a  specific  gravity  of  1.5.  Even  if  its  workability  is  thus 
indicated  in  the  laboratory  it  can  not  be  considered  workable  unless 
there  is  sufficient  water  in  the  field  for  washing  it. 

THICKNESS. 

More  coal  is  unworkable  because  it  is  too  thin  than  for  any  other 
reason.  The  result  of  a  study  of  the  relative  cost  of  mining  in 
relation  to  the  thickness  of  beds  is  given  on  pages  83^6. 

For  the  purpose  of  classification  a  careful  study  was  made  of  the 
thicknesses  of  coals  that  are  actually  mined  in  a  large  commercial 
way.  Many  of  the  facts  disclosed  by  this  study  have  been  published.^ 
By  platting  these  with  reference  to  the  B.  t.  u.  content  of  the  coal  it 
became  evident  that  in  actual  practice  coals  yielding  10,000  B.  t.  u.  are 
worked  with  profit  down  to  a  thickness  of  18  or  19  inches,  that  coals 
yielding  12,000  B.  t.  u.  are  worked  down  to  14  or  15  inches,  and  that 
better  coals  are  mined  from  beds  still  thinner.  Some  coals  of  the  quali- 
ties mentioned  are  mined  frcHn  beds  that  are  thinner  than  those  noted 
above,  but  under  very  exceptional  cotiditions.  In  considering  the  low- 
grade  coals  three  special  factors  must  be  noted:  (1)  Most  of  them 
occur  in  rocks  of  more  recent  age  than  the  others,  which  have  been 
less  affected  by  mountain-making  forces  and  are  therefore  less  indu- 
rated. On  this  account  it  is  thought  that  future  extensive  mining 
may  show  the  frequent  necessity  of  leaving  some  of  the  coal  for 
.  roof  and  of  leaving  larger  pillars.  (2)  Owing  to  the  air-drying  loss 
in  very  wet  coals  they  are  likely  to  shrink  considerably  before  they 
are  marketed.  (8)  If  the  low  B.  t.  u.  value  of  these  coals  is  due  to 
their  high  content  of  ash  an  allowance  should  be  made  for  loss  in 
washing.  For  these  reasons  the  minimum  thickness  for  beds  of  the 
low-grade  coals  is  set  much  higher  in  proportion  to  B.  t.  u.  value  than 
for  beds  of  coals  of  higher  grade. 

The  minimum  minable  thickness  of  bed  is  fixed  at  14  inches  for  all 
coals  having  more  than  12,000  B.  t.  u.  For  coals  having  less  than 
12,000  B.  t.  u.  the  minimum  minable  thickness  increases  at  the  rate 
of  one-tenth  inch  for  each  decrease  of  100  B.  t.  u.  down  to  11,000, 
then  at  ihe  rate  of  one- tenth  inch  .for  each  50  B.  t.  u.  down  to  10,500, 
then  at  the  rate  of  one-tenth  inch  for  each  25  B.  t.  u.  from  10,500 

^  Fisher,  C.  A.,  Depth  and  minimum  thickness  of  coal  beds  as  limiting  factors  in  valua* 
tlon  of  coal  lands :  Bull.  U.  S.  GeoU  Snirey  No.  424,  1010,  pp.  56-62. 
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down  to  10,000.  The  increase  for  coals  yielding  less  than  10,000 
B  t.  u.  is  at  the  rate  of  one-tenth  inch  for  each  decrease  of  10  B.  t.  u. 
in  the  coal.  The  following  table  gives  the  thicknesses  for  B.  t.  u.  of 
even  five  hundreds : 

Minimum  thicknesses  for  even  five  hundreds  B,  t,  u. 


B.  t.u. 

Inches. 

B.  t.  u. 

Inches. 

B.  t.  u. 

Indies. 

15,000 

12,500 

1 
14 

10,000 

18 

14,500 

12,000 

14 

0,500 

23 

14,000 

11,500 

14* 

0.000 

28 

13,500 

11,000 

15 

8.500 

33 

13,000 

10,500 

16 

8,000 

38 

An  important  question  that  frequently  arises  is,  What  value,  in 
relation  to  thickness,  shall  be  given  to  split  or  broken  beds?  The 
general  practice  of  the  United  States  Geological  Survey  in  classifying 
coals  has  been  to  give  a  split  bed  the  value  of  an  unbroken  bed  with 
which  it  can  fairly  be  c(»npared.  It  is  evident  that  a  solid  3- foot  bed 
is  worth  more  than  two  18-inch  benches  separated  by  6  inches  of  clay 
or  shale.  After  careful  study  the  Survey  adopted  the  simple  expedi- 
ent of  prescribing  that  any  parting  or  bench  of  bone  or  impure  coal 
included  in  a  bed  injured  the  value  of  the  coal  of  the  bed  in  amount 
equal  to  the  thickness  of  the  parting.  Thus  the  split  bed  just  cited, 
with  its  6-inch  parting,  is  regarded  as  equivalent  to  a  solid  bed  30 
inches  thick  (36  inches  of  coal  minus  6  inches  of  parting  equals  30 
inches).  If  the  benches  on  either  side  of  the  parting  are  not  of  the 
same  thickness  the  thickness  of  the  parting  is  deducted  from  the 
thickness  of  the  thinner  bench.  It  is  not  necessary  to  consider  the 
whole  thickness  of  a  coal  bed.  It  is  the  practice  of  the  Survey  to 
start  with  the  best  bench,  if  in  itself  not  of  workable  thickness,  and 
to  add  the  thickness  of  the  next  bench  above  or  below  after  deducting 
the  thickness  of  the  intermediate  parting.  If  the  whole  bed  thus 
included  is  still  not  of  workable  thickness  and  more  benches  exist 
above  or  below,  the  thickness  of  these  benches  is  added,  after  sub- 
tracting the  thickness  of  the  parting  between  them  and  the  principal 
bench.  If  a  parting  is  thicker  than  the  thinner  adjoining  coal 
bench,  that  bench  is  considered  as  having  no  value.  This  practice  is 
best  illustrated  by  a  group  of  concrete  examples.     (See  fig.  2.) 

As  a  matter  of  practice  two  coal  layers,  each  workable,  are 
treated  as  parts  of  a  single  bed  if  the  two  layers  both  exceed  in  thick- 
ness the  parting  between  them  and  the  parting  does  not  exceed  3| 
feet.  In  general  two  layers  of  coal  are  treated  as  two  beds  if  the 
parting  between  them  exceeds  either  one  in  thickness,  and  their  work- 
ability is  determined  on  that  basis. 
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PiODRe  2. — Diagram  showing  split  or  broken  beds  and  their  value  for  claHfllflcation  :  a, 
aeasored  thlcknefls;  b,  equivalent  tblckness  used  in  claBsiflcation  and  valuation. 
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The  criteria  given  in  the  preceding  paragraphs  are  intended  to 
determine  the  workability  or  nonworkability  of  a  coal  measured  at 
any  given  point.  The  most  difficult  problem  in  classification  is  the 
determination  of  the  probaUe  limits  of  workability  of  an  irregular 
coal.  Coal  occurs  in  beds  ranging  in  thickness  from  a  fraction  of 
an  inch  to  100  feet  or  more  and  in  areal  extent  from  a  few  square  feet 
to  thousands  of  square  miles.  Some  beds  maintain  a  nearly  uniform 
thickness  over  hundreds  of  square  miles.  Others  may  be  traced  at 
the  same  geologic  horizon  over  hundreds  or  thousands  of  square 
miles  but  vary  greatly  in  thickness,  ranging  from  a  few  inches  to 
several  feet  or  back  again  within  a  quarter  of  a  mile.  Every  grade  of 
regularity  or  irregularity  between  these  extremes  is  foimd,  and  it  is 
possible  to  determine  the  "  habit "  of  some  beds  as  regards  regularity. 

The  simplest  problem  is  that  in  which  two  unequal  measurements 
on  a  single  bed,  taken  at  different  places,  are  available.  All  such 
beds  are  assumed  to  grade  uniformly  in  thickness  from  the  thicker 
measurement  to  or  through  the  thinner  measurement,  and  a  limit 
to  the  workable  coal  is  thus  fixed  th#t,  while  it  may  or  may  not  agree 
with  the  unknown  facts,  is  the  most  probable  limit.  In  general,  a  coal 
bed  that  can  be  traced  continuously  along  the  face  of  a  diff,  as  can 
many  beds  in  the  West,  has  usually  been  assumed  to  extend  under 
the  land  back  from  the  diff  at  least  one-half  the  length  of  the  diff 
outcrop,  the  lens  or  bed  having  the  shape  of  a  half -circle,  the  length 
of  the  cliff  outcrop  being  the  diameter  of  the  cirde.  Obviously,  if 
the  Gfutcrop  runs  along  the  cliff  for  many  miles,  the  extension  of  the 
coal  back  from  the  outcrop  may  be  modified  by  many  other  factors, 
such  as  limit  of  depth,  or  outcrop  on  the  opposite  side  of  the  hill. 
If  the  bed  outcrops  along  the  cliff  with  irregular  thickness,  only  a 
moderate  extension  of  the  bed  behind  the  cliff  is  assumed,  the  esti- 
mate being  based  on  the  character  of  the  irregularities  shown  by 
measurements  made  along  the  cliff,  or  by  a  general  knowledge  of  the 
extent  of  the  lenses  of  that  particular  coal  or  of  coals  of  that  group, 
and  depending  on  the  general  "habit"  of  the  bed,  if  known,  and 
also  taking  into  account  all  local  features.  If  the  exposed  outcrop 
does  not  extend  in  a  straight  line,  but,  as  is  more  common,  runs  in 
and  out  of  ravines,  careful  note  is  made  of  the  thickening  or  thin- 
ning of  the  coal  between  one  point  of  measurement  and  another  in 
order  to  detect,  if  possible,  any  general  tendency  of  the  bed  to  thicken 
or  thin  in  any  direction,  and  all  these  measurements  and  tendencies 
are  taken  into  account  in  determining  the  probable  extent  of  the 
lens  in  any  direction. 

Many  beds  studied  are  known  to  be  of  less  than  workable  thidc- 
ness  in  larger  or  smaller  part,  and  any  measurement  showing  a  work- 
able thickness  on  such  a  bed  must  usually  be  considered  as  a  meas- 
ure taken  at  the  center  of  a  small  lens  of  workable  coal,    A  discovery 
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or  measurement  of  a  coal  bed  by  a  well,  or  by  drilling,  will  have  the 
same  value  as  an  isolated  measurement  on  the  outcrop.  The  content 
and  shape  to  be  assigned  to  any  lens  must  depend  on  conditions  and 
are  largely  matters  of  judgment,  and  such  assignments  or  determi- 
nations especially  require  a  wide  knowledge  of  coals  and  of  the  par- 
ticular group  of  coals  to  which  the  bed  under  consideration  may 
belong.  To  insure  uniformity  in  treating  the  thousands  of  ques- 
tions of  this  kind  that  may  arise— for  nearly  every  field  involves 
some,  and  many  fields  involve  a  great  nmnber — the  Geological  Sur- 
vey has  gradually  established  a  series  of  precedents,  and  in  every 
question  the  attempt  is  made  to  reach  conclusions  by  means  of  mathe- 
matical calculation.  The  limits  of  this  bulletin  will  not  allow  the 
consideration  of  these  methods  here. 

DEPTH. 

Some  of  the  facts  about  the  deep  mining  of  coal  in  this  country 
and  abroad  have  been  presented  and  discussed  ip  an  earlier  bulletin 
of  the  Survey.^  Not  many  years  ago  it  was  the  common  opinion 
and  practice  in  parts  of  the  West  to  consider  as  coal  land  only  land 
on  which  coal  actually  cropped  out,  and  requests  are  still  occasionally 
sent  to  the  Geological  Survey  asking  the  reclassification  of  certain 
land  that  had  been  previously  classified  as  coal  land,  the  writers 
contending,  and  supporting  their  contention  by  abundant  affidavits, 
that  the  land  is  noncoal,  because  no  coal  shows  at  the  surface  and 
none  has  been  found  on  it  in  wells.  If  su,ch  land  should  be  consid- 
ered noncoal  land,  however,  most  of  the  coal  now  mined  in  Illinois, 
Indiana,  western  Kentucky,  Michigan,  Kansas,  and  some  other  States 
comes  from  noncoal  land,  for  most  of  the  mines  in  those  States  are 
on  lands  where  the  coal  mined  does  not  crop  out  but  is  reached  by 
shafts.  The  actual  outcrop  of  most  of  the  coal  mined  in  these  States 
is  from  5  to  75  miles  away  from  the  shafts. 

Two  questions  are  here  involved :  (1)  How  deep  can  coal  be  mined  ? 
(2)  Can  all  coals  be  mined  to  the  same  depth?  Coal  is  now  being 
mined  to  a  depth  of  practically  4,000  feet  (3,937  feet),  and  many 
shafts  in  England,  Belgimn,  France,  and  Germany  go  deeper  than 
3,000  feet.  Moreover,  a  consideration  of  the  still  greater  depths  to 
which  substances  other  than  coal  are  being  successfully  mined  and 
a  study  of  the  deepest  coal  mines  have  convinced  many  of  the  best 
engineers  of  England  and  Europe  that  coal  mining  will  be  extended 
to  5,000  feet.^  The  fact  also  that  some  of  the  largest  coal  com- 
panies of  this  country  have  purchased  as  coal  land  certain  tracts 
under  which  the  coal  is  believed  to  lie  at  depths  of  5,000  to  6,000  feet 

*  Fisher.  C.  A.,  Depth  and  minimum  thickness  of  beds  as  limiting  factors  in  raluation 
of  coal  lands:  Bull.  U.  S.  Geol.  Survey  No.  424,  1010,  pp.  48  et  seq. 
>ldem,  p.  51. 
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shows  that  some  American  engineers  l)elieve  that  coal  mining  will 
be  carried  to  those  depths. 

Although,  without  regard  to  profit,  there  may  be  a  physical  limit  to 
the  depth  at  which  coal  can  ultimately  be  mined,  in  general  the  depth 
of  mining  must  be  determined  by  its  cost  Given  a  steady  market 
the  depth  to  which  coal  can  be  mined  is  a  question  that  involves 
diminishing  profits;  every  added  foot  of  depth  adds  to  the  time  re- 
quired to  lift  the  coal,  thus  reducing  the  possible  output  of  the  mine, 
to  the  cost  of  the  lift,  to  the  initial  capital  required  and  the  interest  on 
that  capital,  to  the  size  of  pillars,  and  to  other  factors.  Where  coal  is 
mined  at  a  certain  depth  with  a  narrow  margin  of  profit,  obviously 
mining  at  a  much  greater  depth  will  extinguish  that  margin  and  ren- 
der that  coal  unworkable  until  markets  are  better.  Of  two  coals  at 
the  same  depth,  of  the  same  thickness,  and  in  other  ways  equal  but 
of  different  quality,  one,  the  better  coal,  may  yield  a  profit  and  the 
other  may  not.  A  similar  inequality  of  profit  may  exist  between  two 
coals  of  the  same  quality  but  of  different  thickness.  The  thicker 
coal,  which  can  be  mined  at  a  less  cost,  may  be  minable  at  a  profit, 
while  the  thinner  may  not.  In  brief,  the  depth  to  which  any  coal 
can  be  worked  depends,  on  the  one  hand,  on  its  quality,  which  de- 
termines the  profits  where  the  cost  of  working  is  the  same,  and,  on 
the  other  hand,  on  the  cost  of  mining,  which,  omitting  differences 
due  to  depth,  is  in  general  proportional  to  the  thickness  of  the  coal. 
Therefore,  given  a  certain  grade  of  coal  which  sells  on  the  market 
at  a  certain  price  the  profit  will  be  in  inverse  ratio  to  the  cost  of 
mining,  and  hence,  oiher  things  being  equal,  the  depth  to  which  that 
coal  can  be  mined  will  differ  for  different  thicknesses  of  coal  and  is 
assumed  to  vary  in  direct  proportion  to  the  value  of  the  coal  as  com- 
puted from  the  cost  of  mining. 

The  depth  to  which  any  coal  can  be  mined  is  therefore  assumed  to 
be  directly  proportional  to  the  B.  t.  u.  value  of  the  coal  and  inversely 
proportional  to  the  cost  of  mining  for  different  thicknesses.  Thus 
below  the  adopted  minimum  depth  of  500  feet,  a  10,000  B.  t.  u.  coal 
can  be  mined  to  only  two-thirds  the  depth  of  a  15,000  B.  t.  u.  coal, 
and  an  8,000  B.  t.  u.  coal  to  two-thirds  the  depth  of  a  12,000  B.  t.  u. 
coal  of  the  same  thickness.  If  5,000  feet  is  assumed  as  the  maximum 
possible  depth  at  which  any  coal  can  be  mined,  it  is  also  assumed  to 
apply  only  to  coal  of  the  highest  grade  and  to  the  thickness  costing 
the  least  to  mine — ^in  other  words,  to  a  16,000  B.  t.  u.  coal  6  feet  or 
more  thick.  By  this  assumption  a  6-foot  coal  of  12,000  B.  t  'u.  is 
considered  as  workable  to  only  4,000  feet  or  a  6-foot  coal  of  10,000 
B.  t.  u.  to  only  3,333  feet. 

Elsewhere  in  this  bulletin  it  is  pointed  out  that  the  cost  of  mining 
a  ton  of  coal  is  much  higher  for  thin  beds  than  for  thick  beds.  There 
is  no  great  difference  in  the  cost  of  mining  coals  between  6  and  10 
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teet  thick,  but,  especially  in  the  West,  the  cost  of  mining  coals  less 
than  6  feet  thick  increases  as  the  thickness  decreases.  It  has  there- 
fore been  assumed  that  a  coal  of  the  minimum  thickness  for  its  grade 
is  workable  to  a  depth  of  not  more  than  500  feet ;  that  a  coal  6  feet 
or  more  thick  is  workable  to  a  depth  of  100  feet  for  each  300  B.  t.  u.  it 
contains;  and  that  a  coal  between  its  minimum  thickness  and  6  feet  is 
workable  to  a  depth  between  500  feet  and  the  maximum  depth  limit 
for  that  coal  proportional  to  the  thickness  above  the  minimum. 
Thus,  a  12,000  B.  t.  u.  coal  6  feet  or  more  thick  has  a  maximum  depth 
limit  of  4,000  feet  and  an  assumed  minimum  thickness  of  14  inches; 
a  bed  of  12,000  B.  t.  u.  coal  4  feet  thick  is  workable  to  a  depth  deter- 
mined by  the  .rule  above  given  as  follows:  72— 14:48-— 14:: 4,000— 
500:a?/a?=2,050,  which  added  to  500,  the  depth  limit  for  a  bed  of  the 
minimum  thickness,  gives  2,550  as  the  depth  limit  for  the  bed  under 
consideration. 

The  accompanying,  chart  (fig.  3)  is  copied  from  part  of  a  large- 
scale  diagram  used  by  the  Geological  Survey  in  classifying  coal  land. 
It  is  arranged  to  show  the  depth  limit  fixed  for  a  coal  of  any  B.  t.  u. 
value  of  any  thickness  under  6  feet. 

For  convenience  the  readings  for  the  even  feet  and  for  the  even 
thousand  B.  t  u.  are  given  in  the  following  table : 

Limits  of  minahle  depth  of  coal  of  various  thicknesses  and  various  heating 

values  in  B,  t,  u. 


Britbh  thftrmti]  iinlH 

15,000 

14,000 

18,000 

12,000 

11,000 

10,000 

9,000 

8,000 

Thickness,  in  feet: 

U 

811 
1,276 
2,200 
8,140 
4,070 
6,000 

787 
1,217 
2,076 
2.040 

3.800 
4.666 

764 
1,160 
1,050 
2.740 
3,540 
4,330 

761 
1.100 
1,830 
2,560 
3.270 
4,000 

665 
1,000 
1.666 
2,340 
3.000 
3,660 

600 

826 
1,440 
2,075 
2,700 
3,380 

2::.:::::.: : 

3 

060 
1,650 
2,330 
8,000 

4  

1.  <40 

5 

l.OJO 

ft 

2,660 

In  general  the  limit  of  depth  at  which  a  coal  bed  may  be  profitably 
mined  depends  entirely  upon  the  thickness  of  the  bed  and  the  quality 
of  the  coal.  If,  however,  a  thin  but  workable  bed  that  lies  below 
its  ordinary  minable  depth  is  overlain  by  a  thicker  bed  that  lies 
within  its  own  minable  depth,  the  lower  thin  bed  may,  perhaps,  be 
profitably  worked  by  extending  downward  the  shaft  sunk  to  the 
higher,  thicker  coal,  whereas  the  thinner  bed  could  not  have  been 
profitably  mined  alone.  A  single  shaft  may  also  give  access  to  all 
the  coals  of  a  group,  and,  though  the  cost  of  raising  all  the  coal  will 
be  the  same  as  if  the  coal  were  taken  from  a  single  bed,  the  cost  of 
the  shaft  and  the  interest  on  that  cost  will  be  borne  by  the  proceeds  of 
a  larger  product.  In  some  places  the  whole  cost  of  a  shaft  may  be 
borne  by  the  coal  of  a  thick  bed  that  imderlies  several  thinner  beds 
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or  that  lies  in  the  middle  of  a  group  of  thinner  beds.    It  is  clear 
that  no  two  shafts  that  penetrate  groups  of  coal  beds  will  present 
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FiouRB  3. — Diagram  showing  depth  limits  of  coals  of  different  B.  t.  u.  and  of  different 

thicknesses  under  6  feet. 

similar  conditions.    The  coals  of  such  groups  will  vary  in  number 
from  two  to  twenty  or  more  and  may  be  included  in  an  interval 
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of  50  to  500  feet  or  more.  Every  case  involving  such  conditions 
must  be  considered  on  its  merits,  and  here  again  the  Geological 
Survey  has  found  it  necessary  to  establish  a  series  of  general  prece- 
dents in  order  to  make  its  treatment  of  such  cases  reasonably 
uniform.  In  some  places  it  has  been  found  possible  to  treat  a 
group  of  coal  beds  as  if  they  were  all  gathered  at  a  ^^  center  of 
weight*' — that  is,  at  a  point  determined  by  multiplying  the  com- 
puted thickness  of  each  bed  by  its  depth  from  the  surface  and 
dividing  the  sum  of  the  products  by  the  sum  of  the  compensated 
thicknesses,  the  thicknesses  of  the  various  beds  being  reduced  for 
partings  in  the  manner  already  described. 

The  determination  of  the  limit  m  depth  at  which  a  coal  bed  can 
be  mined  may  be  complicated  by  the  fact  that  in  a  region  of  very 
rugged  topography  the  coal  gets  below  minable  limit  in  passing 
under  some  high  ridge  or  peak  but  is  within  the  minable  limit  under 
a  valley  on  the  other  side.  Again,  in  some  places  the  coal  outcrops 
near  the  foot  of  a  great  cliff,  such  as  commonly  flanks  a  high  plateau 
in  the  West,  and  it  goes  below  minable  depth  within  a  short  distance 
from  its  outcrop.  In  order  to  cover  all  the  different  occurrences  of 
this  kind  the  regulations  provide  that  tracts  underlain  by  horizontal 
beds  of  coal  that  lie  at  depths  below  the  minable  limit  may  under  cer- 
tain conditions  be  classified  as  coal  land.  Horizontal  beds  of  coal  may 
be  mined  to  a  distance  back  from  their  outcrop  equal  to  10  times  the 
depth  limit  for  coal  of  that  particular  grade  and  thickness.  It  is  evi- 
dent that,  to  be  commercially  minable  at  a  certain  depth,  a  coal  bed 
must  be  minable  for  a  reasonable  distance  from  the  foot  of  a  shaft 
sunk  to  it,  in  order  to  pay  the  cost  of  the  shaft.  It  is  also  evident 
that  if  it  is  profitable  to  sink  a  shaft  to  the  depth  limit  for  a  given 
coal  and  then  mine  out  horizontally  by  drift  a  certain  distance  from 
the  foot  of  the  shaft,  it  would  be  profitable  to  mine  farther  from  the 
foot  of  the  shaft  if  it  were  not  so  deep.  The  relative  values  involved 
in  shaft  and  drift  can  be  easily  calculated  if  unit  values  are  fixed 
for  the  horizontal  and  vertical  components.  For  purposes  of  classi- 
fication and  valuation  it  has  been  assumed  that  1  foot  of  vertical  shaft 
in  rock  involves  as  much  expense  in  its  construction  and  maintenance 
and  in  the  removal  of  the  coal  as  7.5  feet  of  horizontal  drift  in  coal. 
For  this  reason  the  horizontal  distance  to  which  the  drift  can  be 
carried  will  be  no  more  than  the  prescribed  limit  for  mining  from 
the  outcrop  (in  this  case  set  at  10  times  the  vertical  limit)  minus 
7.5  times  the  depth  of  the  shaft.  Thus  if  the  minable  depth  of  a  cer- 
tain coal  bed  is  2,000  feet,  but  that  bed  is  horizontal  and  crops  out 
in  a  cliff,  the  area  underlain  by  it  is  classified  as  coal  land  for  a  dis- 
tance of  10  times  2,000,  or  20,000  feet,  back  from  the  outcrop.  If  the 
bed  is  horizontal  but  lies  at  a  depth  of  700  feet,  it  is  assumed  that  the 
coal  can  be  mined  back  20,000  minus  (700X7.6)  =14,750  feet  from  the 
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foot  of  a  shaft  of  that  depth,  even  if,  away  from  the  foot  of  the 
shaft,  the  coal  is  more  than  2,000  feet  below  the  surface.  If  the 
shaft  is  1,200  feet  deep  the  coal  can  be  mined  back  20,000  minus 
(1,200X7.5)  =11,000  feet.  If  the  coal  is  at  the  depth  limit  at  the 
foot  of  the  shaft  it  can  be  mined  back  20,000  minus  (2,000X7.5)  = 
5,000  feet,  or  approximately  1  mile  in  any  direction. 

or.  A  BWTFICATIOy   BT   4a-AGBJI   TBAOTB   OB  JAfTB, 

In  ordinary  practice  coal  land  is  disposed  of  by  parcels  composed 
of  "  smallest  legal  subdivisions,"  which  are  ordinarily  quarter-quarter 
sections,  or  40  acres,  except  along  the  north  and  west  sides  of  town- 
ships and  in  areas  bordering  meandered  rivers  or  lakes,  where  the 
tracts  are  usually  irregular  in  size  and  shape  and  are  called  lots. 

The  price  of  a  tract  that  is  wholly  underlain  by  coal  is  the  price 
per  acre  multiplied  by  the  number  of  acres.  The  price  of  a  tract 
that  is  only  in  part  underlain  by  coal  is  the  price  of  the  coal  per  acre 
multiplied  by  the  number  of  acres  it  underlies.  To  obtain  the  sale 
price  per  acre  of  the  40-acre  tract  or  lot,  the  amount  obtained  by  the 
above  computation  is  divided  by  40  or  by  a  figure  representing  the 
actual  acreage,  but  no  land  must  be  appraised  at  a  price  below  the 
minimum  fixed  by  law.  Thus  if  24  acres  of  a  40-acre  tract  is  under- 
lain by  coal  valued  at  $50  an  acre  the  price  of  the  "  forty  "  is  24  times 
$50=$1,200,  or  $30  an  acre  ($1,200-^40=$80).  The  value  of  the  coal 
in  some  lands,  however,  is  so  small  that  to  charge  even  the  minimum 
price  for  them  would  make  the  price  of  the  coal  abnormally  high.  For 
example,  to  take  an  actual  case :  Five  acres  of  a  40-acre  tract  is  under- 
lain by  coal  2  feet«thick,  the  total  value  of  which  under  the  regulations 
is  about  $100.  The  tract  is  within  15  miles  of  a  railroad,  and  there- 
fore if  it  is  all  sold  as  coal  land  it  must  be  sold  at  the  rate  of  $20  an 
acre — that  is,  the  whole  tract  must  be  sold  for  $800.  The  coal  land 
in  the  forty  is  therefore  segregated  from  the  agricultural  land,  the  line 
of  division  following  the  10  or  2^  acre  subdivision.  The  two  por- 
tions of  the  forty  thus  segregated  are  treated  as  separate  lots.  The  5 
acres  of  coal  land  is  sold  for  $100,  its  value,  and  the  noncoal  tract  is 
subject  to  disposal  as  nonmineral  land.  Such  a  division  of  the  forty 
into  two  lots,  one  coal  and  the  other  noncoal,  is  made  only  along  the 
outcrop  of  the  coal  and  only  within  so  short  a  distance  fix)m  known 
corners  that  little  doubt  can  arise  as  to  the  exact  position  of  the 
outcrop. 

OUTOBOP  OOAXi  AHD  BUBHBD  OQAXfc 

In  coal-mining  practice  it  has  been  found  that  the  coal  along  the 
outcrop  and  for  a  distance  back  of  it  ranging  from  30  to  100  feet  or 
more,  the  distance  depending  on  the  amount  of  cover,  is  more  or  less 
influenced  by  weathering,  which  materially  decreases  its  value.    Diffi- 
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culty  due  to  the  thin  and  weak  roof  is  also  encountered  in  mining  on 
the  outcrop.  If  only  a  thin  edge  or  comer  of  coal  extends  into  a  forty 
it  may  be  neglected,  as  it  will  give  the  tract  no  value  as  coal  land.  If 
the  coal  outcrops  in  bluffs  or  steep  hillsides  or  has  a  high  dip  weath- 
ering may  be  neglected.  If  the  coal  outcrops  at  the  top  of  a  mesa  or 
on  the  face  of  a  long,  gentle  slope  an  allowance  is  made  for  thinness 
of  cover.  The  possibility  of  mining  outcrop  coal  by  stripping  with 
steam  shovel  or  otherwise  is  generally  considered,  as  such  a  method  of 
coal  mining  has  in  many  places  proved  highly  successful. 

In  many  areas  of  the  West  the  coal  beds  have  been  burned  along 
the  outcrop.  In  s<mie  places  one  or  more  or  all  of  the  beds  have  been 
burned  not  only  along  an  outcrop  over  a  whole  field  but  under  the 
flat  tops  of  mesas  where  the  coal  is  close  to  the  surface.  In  a  few 
places  mining  has  shown  that  this  burning  extends  back  1,000  feet 
or  more  and  lies  many  hundred  feet  under  cover.  In  general,  how- 
ever, the  coal  does  not  appear  to  have  burned  back  more  than  a 
few  rods.  All  places  where  coal  has  been  burned  are  indicated  on 
the  field  maps.  In  classifying  the  land  in  these  places  the  edge  of 
the  coal  is  fixed  along  a  line  drawn  back  of  the  outcrop,  only  slightly 
back  of  it  where  the  line  crosses  ravines,  but  to  a  considerable  dis- 
tance back  of  it  where  it  crosses  projecting  divides,  especially  if  the 
coal  is  under  light  cover. 

METHODS  OF  VALUATION.* 
OOST   OV  OOAZf  XV  TKS   QBOUWD, 

The  total  cost  of  coal  in  the  ground  consists  of  the  original  pur- 
chase price,  interest  on  investment,  amortization  charges,  taxes,  and, 
if  the  coal  is  leased,  the  cost  of  inspection  and  of  collecting  royalties. 
The  following  table  shows  the  amortization  and  ultimate  cost  of  coal 
in  the  ground  per  dollar  of  investment  for  periods  ranging  from  20 
to  40  years,  at  5  and  6  per  cent  interest. 

Vltimate  cost  of  coal  per  dollar  of  purchase  price. 


Amortiaatioii  period  lo  yean. 


30 

30 
40 


Rate  of 
iotenst. 


Percent, 
5 
6 
5 
6 
6 
6 


Annaal 
intefest. 


10.06 
.06 
.06 
.06 
.06 
.06 


Annual 

taxes  at 

1  percent. 


10.01 
.01 
.01 
.01 
.01 
.01 


Annual 
amorti- 
sation 
charge. 


10.03 
.027 
.016 
.0125 
.008 
.006 


Total 

annaal 

cost. 


to.  00 
.007 
.076 
.0825 
.068 
.076 


Total  cost 

per  dollar 

of  purchase 

price  at 

end  of 

amortiia- 

tion  period. 


$1.80 
1.04 
2.26 
2.476 
2.88 
3.04 


1  For  a  more  detailed  account  of  the  principles  of  yaluation  of  public  coaJ  land  see 
8niTe7  Bnlletin  424,  on  the  Taloation  of  public  coal  lands. 
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It  is  generally  agreed  that  the  price  paid  for  coal  in  the  ground 
should  be  recovered  by  the  investor  during  the  early  years  of  the 
mining,  when  the  cost  is  lowest  Otherwise  it  must  be  recovered 
when  the  inevitable  increase  in  the  cost  of  working  the  mine  has  re- 
duced the  profits  and  the  business  has  reached  a  condition  that  is  the 
bane  of  the  eastern  coal-mining  industry  to-day.  The  initial  invest- 
ment should  invariably  be  refunded  within  the  first  20  years  of  the 
life  of  the  mine.  The  above  table  shows  that  if  the  mine  is  op^ied 
and  operated  immediately  and  continuously  after  purchase  the  total 
cost  of  the  coal  in  the  ground  will  be  about  two  dollars  for  each 
dollar  of  the  purchase  price.  The  value  of  coal  in  the  ground  at 
the  time  of  its  extraction  is  measured  by  the  current  royalty  rate  in 
the  region  where  the  coal  is  situated.  Its  value  at  the  time  the  mine 
is  opened  is,  then,  approximately  one-half  the  royalty  rate,  as  has 
been  indicated.  Were  it  possible  to  know  in  advance  the  exact  num- 
ber of  tons  that  would  be  recovered  from  any  acre  of  land,  the  value 
of  that  acre  at  the  beginning  of  mining  would  be  one-half  the 
royalty  rate  per  ton  multiplied  by  the  tonnage  recovered.  If  the 
royalty  rate  is  10  cents  a  ton,  the  value  of  coal  per  ton  in  the  ground 
when  a  mine  is  opened  is  at  least  5  cents.  To  insure  profit  and  safety, 
however,  the  purchaser  of  coal  land,  as  a  rule,  in  buying  demands  a 
margin  on  the  estimated  tonnage  value  (1)  as  a  consideration  for 
the  risk  of  the  investment,  (2)  to  offset  possible  delays  in  the  mining 
of  the  coal,  and  (3)  as  a  contingent  against  an  overestimate  of  the 
recoverable  tonnage.  If  this  margin  is  fixed  at  one-half  the  esti- 
mated value,  the  coal  should  have  a  sale  value  of  2^  cents  a  ton  if 
the  royalty  is  10  cents  a  ton.  Royalties  on  bituminous  coals  in  the 
United  States  range  from  about  3  to  the  equivalent  of  35  cents  a  ton. 
A  comparison  of  royalties  paid  in  the  United  States,  some  of  which 
aire  given  in  Survey  Bulletin  424  (p.  10)  shows  that  10  cents  a  ton 
is  not  far  trom  the  average  royalty  paid  under  private  leases — some- 
what less  in  the  East,  somewhat  more  in  the  West.  Therefore  2i 
cents  a  ton  is  a  fair  sale  price  for  unmined  coal  that  is  to  be  mined 
immediately,  where  10  cents  a  ton  is  the  prevailing  royalty.  As  a 
matter  of  fact,  where  the  character  and  tonnage  of  the  coal  are  well 
known  to  both  buyer  and  seller  prices  often  range  from  one-quarter 
the  royalty  rate  almost  or  quite  to  the  royalty  rate.  For  example, 
the  Pittsburgh  coal,  in  southwestern  Pennsylvania,  is  worked  to  a 
thickness  of  about  7  feet.  On  an  estimate  of  1,200  tons  recovery  per 
acre- foot  this  bed  should  yield  8,400  tons  an  acre;  yet  it  is  reported 
that  99  separate  transfers  were  made  in  Westmoreland  County  be- 
tween 1901  and  1910  at  an  average  price  of  $1,102.70  an  acre — over 
13  cents  a  ton — ^and  many  of  these  sales  were  made  at  a  price  much 
higher  than  this  average.  Occasionally  the  sale  price  for  small  tracts 
adjacent  to  operating  mines  may  reach  the  royalty  rate. 
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The  general  impression  that  coal  lands  are  sold  at  low  prices  is 
due  largely  to  the  fact  that  in  the  past  most  of  the  sellers  had  bought 
their  land  as  farm  land,  knowing  little  or  nothing  of  its  coal  content 
or  value,  and  had  regarded  the  coal  as  a  little  overmeasure  on  the  part 
of  nature  for  which  they  were  willing  to  take  anything  that  was 
offered  or  that  looked  good  to  them.  As  a  result  a  large  number  of 
the  recorded  sales  of  coal  land  have  been  made  at  prices  that  have 
had  little  relation  to  the  value  of  the  coal,  and  in  the  past  a  large 
percentage  of  the  total  acreage  has  been  sold  at  such  prices.  A  recent 
review  of  coal-land  sales  for  one  year,  as  recorded  in  one  of  the  most 
reliable  of  the  coal  journals,  excluding  all  sales  of  tracts  containing 
over  10,000  acres,  which  were  obviously  bought  for  holding  or  specu- 
lation, showed  40  sales,  representing  a  total  of  95,218  acres,  at  an 
average  price  of  $209  per  acre.  This  average  price  for  a  year's  sales 
shows  the  great  extent  to  which  coal  lands  have  passed  out  of  their 
original  farmer  ownership.  Grouped  according  to  prices,  it  is  found 
that  that  year's  sales  as  thus  recorded  ran  as  follows : 

Prices  of  coal  lands  sold  in  one  year. 


Prioe  per  acre. 


ISQOormore... 
KnOtolffiO.... 
t400to$000.... 
1200  to  $400... 
1100  to  $200... 
Less  than  $100 


Aoiw> 


10, 108 
1,633 
417 
14.046 
26,097 
32,817 


In  other  words,  65  per  cent  of  the  sales  and  the  acreage  were  at 
$100  an  acre  or  more  and  40  per  cent  of  the  sales  were  at  $200  an  acre 
or  more. 

It  is  evident  that  a  large  shaie  of  these  were  sales  of  lands  not 
purchased  for  immediate  development.  Sixteen  of  these  sales,  con- 
veying 74,633  acres,  covered  tracts  containing  more  than  1,500  acres, 
an  area  generally  admitted  to  be  as  large  as  can  be  economically  mined 
from  one  plant  in  present-day  practice. 

In  order  to  give  the  prospective  buyer  an  ample  margin  of  safety, 
the  basing  prices  of  the  Government  coal  lands  are  fixed  at  only  40 
per  cent  of  the  value  (2^  cents  per  ton)  named  in  a  preceding  para- 
graph, or  at  1  cent  per  ton  for  a  coal  of  good  average  quality — say 
12,500  B.  t.  u. — equivalent  to  one-tenth  of  a  cent  for  each  1,250  B.  t.  u. 
of  the  coal.  This  price  is  one-tenth  the  assumed  average  royalty 
rate. 


The  valuation  indicated,  however — 1  cent  per  ton  for  coal  in  the 
ground — is  not  put  on  all  coals  indiscriminately.  Though  the  value 
of  any  coal  is  most  readily  obtained  by  taking  the  royalty  rate^ 
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the  royalty  rate  itself  is  based  on  the  average  difference  between  the 
cost  price  of  the  coal  ready  for  sale  and  the  sale  price — ^that  is,  on 
the  profit.  If  competition  is  keen  and  the  profit  is  low,  these  facts 
are  reflected  in  a  low  royalty  rate.  Whatever  affects  the  profits 
affects  the  royalty  rate  and  correspondingly  the  value.  Other  things 
being  equal,  the  lower  the  grade  of  coal  the  less  readily  it  sells  and  the 
less  the  profit,  the  royalty,  and  the  value.  On  the  other  hand,  the 
more  expensive  the  coal  is  to  mine  the  less  the  profit,  the  royalty,  and 
the  value.  The  Government  valuations  can  not  take  account  of 
changes  in  competition,  markets,  transportation  facilities,  or  freight 
rates,  or  other  factors  that  affect  the  profit,  but  it  can  and  does  take 
account  of  the  quality  and  character  of  the  coal,  both  chemically  and 
physically,  which  affect  the  sale  price  and  so  the  profit  and  value, 
and  of  those  natural  factors  that  affect  the  mining  cost.  The  most 
important  of  these  factors  are  thickness  and  accessibility. 

XnrBOT   07   QJJjaJTY   ON   FBZCB. 

One  cent  per  ton  is  therefore  the  price  put  on  a  good  average  coal — 
a  noncoking  bituminous  coal  of  12,500  B.  t.  u.  heat  value,  6  to  10  feet 
thick,  and  at  the  surface.  For  coals  of  other  B.  t.  u.  value  the  same 
rate  of  one-tenth  cent  for  each  1,250  B.  t.  u.  is  applied,  and  provision 
is  made  for  increasing  this  value  (not  to  exceed  100  per  cent)  for 
coking  coal  or  coal  that  has  special  qualities  which  enhance  its  value 
in  the  market,  the  percentage  of  increase  depending  on  the  quality 
of  the  coke  it  yields  or  the  extent  to  which  its  special  qualities  en- 
hance its  value;  and  on  the  other  hand  provision  is  made  for  reduc- 
ing the  appraised  value  because  of  special  impurities,  such  as  sul- 
phur, or  because  of  physical  defects  that  obviously  detract  from  the 
market  value. 

SranCT   OY   MJLNINU   OOBT   OK  FBXCB. 

The  cost  of  mining  coal  is  affected  by  many  factors — such  as  cost  of 
prospecting,  shaft  sinking,  or  other  mine  opening,  surface  and  under- 
ground plant,  perhaps  community  plant,  water,  supplies,  timber, 
feed,  and  insurance — all  of  which  vary  from  place  to  place  or  in 
accordance  with  the  method  of  working  the  mine.  Within  the  mine 
the  main  factors  are  mining  rate,  thickness,  depth,  and  dip  or  pitch 
of  bed,  variations  or  irreguarity  in  thickness,  partings,  "  sulphur  "  or 
Cither  impurities  that  must  be  removed,  kind  of  roof  or  floor,  presence 
of  gas  or  water,  provision  for  drainage  and  ventilation,  haulage  and 
hoisting,  faults,  and  igneous  intrusions.  Many  of  these  factors 
give  rise  to  problems  for  the  engineer;  others  definitely  affect  the 
value  of  the  land  for  coal  mining.  One  of  the  factors  of  the  latter 
class — thickness — has  so  definite  and  constant  a  relation  to  the  cost 
of  mining  that  it  must  be  taken  into  account  in  determining  the  value 
of  all  coal  land. 
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The  cost  of  mining  thin  coals  increases  rapidly  with  the  decrease 
in  their  thickness,  for  the  following  reasons :  The  rate  paid  for  min- 
ing the  coal  increases  with  the  thinning  of  the  bed,  as  do  the  amount 
of  dead  work  per  unit  of  output,  the  cost  of  trackage,  ties,  rails,  haul- 
age, and  ventilation,  and,  for  the  very  thin  coals,  the  cost  of  taking 
up  floor  or  brushing  down  roof  to  obtain  height. 

H.  M.  Chance^  has  prepared  curves  expressing  the  relations 
between  mining  cost  and  thickness  for  anthracite  coal.  The  figures 
showing  Chance's  determinations  are  given  in  column  2  of  the  table 
on  page  84.  Similar  figures  (column  3)  were  obtained  by  the  Survey 
for  bituminous  coals.  Detailed  cost  sheets  of  mines  working  coals  of 
different  thicknesses  were  taken  and  the  costs  were  separated  into 
four  items — (a)  capital  cost  (interest,  etc.);  (&)  mining  rate;  (c) 
tonnage  cost  (proportional  to  output,  tipple,  office,  etc.) ;  (d)  acreage 
cost  (proportional  to  acreage  mined  out,  dead  work,  hauling,  etc.). 
Obviously,  if  the  recovery  per  acre-foot  is  the  same,  the  last  item 
would  be  double  for  a  5-foot  coal  bed  what  it  would  be  for  a  10-foot 
bed  yielding  the  same  output  and  would  be  inversely  proportional 
to  the  thickness  of  the  bed.  Though  the  tonnage  recovered  is  greater 
per  acre-foot  from  thin  than  from  thick  beds,  yet  the  recovery 
varies  so  greatly  from  mine  to  mine  and  from  time  to  time  that  an 
absolutely  invariable  recovery  from  a  bed  of  a  given  thickness  can 
not  be  assumed.  Therefore,  in  reaching  the  results  now  to  be  stated, 
differences  in  recovery  from  beds  of  different  thickness  have  not 
been  considered.  As  in  all  studies  of  coal  mining*  made  by  the 
Geological  Survey  the  obtainable  figures  relating  to  any  particular 
factor  were,  if  possible,  gathered  together  and  platted  graphically  on 
a  chart,  by  which  it  has  usually  been  practicable  to  show  certain 
definite  averages  or  curves  expressing  the  relation  sought.  Whenever 
possible,  these  curves  have  been  reduced  to  mathematical  formulas. 
A  concrete  example  is  a  curve  showing  the  relation  between  the  min- 
ing rate  and  thickness  of  bed,  a  relation  which  it  was  necessary  to  de- 
termine in  working  out  the  total  cost  of  mining  beds  of  different 
thicknesses.  In  making  this  diagram  the  mining  rates  at  different 
places  in  the  United  States  were  platted  on  cross-section  paper  as 
shown  in  figure  4  (p.  85),  on  which  the  curve  A-B  was  drawn  to  ex- 
press the  average  relation  between  these  two  factors,  a  relation  which 
was  used  in  later  computations. 

^  Chance*  H.  M.,  The  cost  of  mining  coal :  Eng.  and  Mln.  Jour.,  May  29,  1009.  pp. 
lOW-UOl. 
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The  following  table  gives  the  derivation  of  the  formula  showing 
the  relation  of  the  thickness  to  value  of  bed,  uniform  recovery  being 
assumed: 

Table  showing  derivation  of  formula  for  relation  of  thickness  to  value  of  bed. 


Thick- 
ness of 
bed  in 

iiset 

(0. 

Average  cost. 

proxi- 
mate 
com- 
bina- 
tion 
cost. 

Value 

by  in- 

vexafon. 

Differ- 
ence— 

10 

mhius 

thick- 

nns 

infiset. 

Square 

of 
amount 
in  col- 
umn 6. 

100 

amount 
in  col- 
umn 7. 

Anthra- 
cite 
(Chance). 

nous. 

1 

t 

t 

4 

S 

• 

7 

8 

10 
9 
8 
7 
6 
5 
4 
3 
2 

1.00 

1.01 

1.045 

1.10 

1.18 

1.35 

1.66 

2.13 

3.36 

1.00 
1.03 
1.075 
1.126 
1.20 
1.30 
1.45-1.55 
2.00 
3.00 

1.00 
1.02 
1.06 
1.10 
1.20 
1.33 
1.50 
2.00 
3.00 

1.00 
.07 
.96 
.91 
.83 
.75 
.66 
.50 
.33 

0 
1 
2 
3 
4 
5 
6 
7 
8 

0 

1 

4 

9 

16 

26 

36 

49 

64 

100 
99 

96 
91 
84 
75 
64 
51 
36 

The  first  column  in  the  table  gives  the  thickness  of  the  bed  in 
feet ;  the  second  the  average  cost  of  mining  anthracite  at  these  thick- 
nesses, according  to  Chance  (not  including  breakerage  charges) ; 
the  third  column,  the  computed  relative  cost  for  bituminous  coal; 
the  fourth  column,  the  approximate  combination  of  the  two;  the 
fifth  column,  the  relative  values  of  beds  of  the  same  quality  of  coal 
of  different  thickness,  obtained  by  dividing  100  by  the  cost,  given  in 
column  4;  the  sixth  column,  the  difference  in  feet  between  10  and 
the  particular  thickness  given;  the  seventh  column,  the  square  of 
the  numbers  in  column  6;  the  eighth  column,  the  result  of  sub- 
tracting from  100  the  square  of  the  difference  between  10  and  the 
thickness  in  feet.  By  comparing  columns  5  and  8,  column  8  is  seen  to 
give  a  close  approximation  to  the  computed  figures  in'column  5,  and  as 
the  figures  in  column  5  are  by  no  means  absolute  and  fixed  the  figures 
in  column  8  have  been  taken  as  fairly  expressing  the  relative  value  of 
different  thicknesses  of  the  same  coal ;  but  this  is  found  by  subtracting 
from  100  per  cent  a  percentage  equal  to  the  square  of  the  differ- 
ence between  10  and  the  thickness,  or  lOQ^C^Q-Q'^i^/^Q-^V- 

'     100     100         \  10  y 

The  value  per  ton  of  a  bed  less  than  10  feet  thick  of  a  given  grade  of 
coal  may  therefore  be  found  by  multiplying  the  normal  value  per  ton 

for  a  10-foot  bed  of  coal  of  that  grade  by  (1  ~(    ^~   )  ). 

In  valuing  land  by  the  acre-foot,  however,  an  additional  factor 
must  be  considered,  namely,  that  a  larger  recovery  of  coal  per  acre- 
foot  is  possible  from  thin  beds  than  from  thick  beds.  This  difference 
offsets  in  a  measure  the  rapid  increase  in  mining  cost  with  thinning 
of  beds.    Thus  1,000  tons  an  acre-foot  for  a  10-foot  bed  and  1,200 
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tons  an  acre- foot  for  a  6-foot  bed  are  considered  fair  recoveries.  But 
1,000  tons  of  coal  at  1  cent  a  ton  is* $10,  and  1,200  tons  at  0.84  cent  a 
ton  (84  per  cent  being  the  corresponding  value  of  a  6-foot  bed)  is 
$10.08.  It  is  then  practically  immaterial  whether  land  containing  a 
6-foot  bed  is  valued  at  84  per  cent  of  the  normal  value  of  land  con- 
taining a  10-foot  bed  of  coal  of  a  certain  grade  and  an  assumed 
recovery  of  1,200  tons  an  acre-foot  or  whether  the  same  value  per 
ton  and  the  same  recovery, per  acre- foot  are  assumed  as  with  the 
10- foot  bed.    As  the  latter  treatment  is  the  simpler  it  has  therefore 


2S    30     35     40     45     50     56     60     65    70     75     80    65     90     95    100    105     110     115     120    125    ISO  135 

Mining  rate  In  conts  pmr  ton  for  bitiimlnouo  coal 

FiouRB  4. — Rates  paid  in  the  United  States  for  mining  coal  of  specified  thicknesses  and 
curve  (A-B)  showing  average  relation  between  mining  rate  and  thickness.  1,  2,  3, 
Wyoming,  southern  fields,  run  of  mine,  agreements  of  1912.  4,  6,  Colorado,  north- 
eastern coal  fields,  run  of  mine,  agreements  of  1912.  6,  Montana,  Red  Lodge  field,  run 
of  mine.  7,  Indiana,  miscellaneous  agreements,  run  of  mine.  8,  Indiana,  block  coal 
agreements,  screened.  9,  Michigan,  summary  of  agreements  of  1910.  10.  Missouri, 
summary  of  agreements,  run  of  mine.  11,  Missouri,  Bates  and  Vernon  counties,  run  of 
mine,  agreements  of  190S.  12,  West  Virginia,  summary  of  agreements,  screened.  13, 
Kentncky-Tennessee,  Jelllco  mining  district,  screened.  14,  Tennessee,  Durham  Coal  ft 
Iron  Co.,  run  of  mine.     16,  Tennessee,  summary  of  agreements,  run  of  mine. 

been  adopted  and  the  value  of  a  ton  of  any  coal  in  the  ground  is 
taken  as  constant  for  thicknesses  between  6  and  10  feet. 

The  rate  of  increase  in  cost  of  mining  a  bed  less  than  6  feet  thick, 
however,  is  too  great  to  be  compensated  for  by  the  greater  recovery 
per  acre-foot.  After  making  various  assumptions  as  to  fair  average 
acre-foot  recovery  for  thin  coals — ^assumptions  based  on  known  recov- 
eries— ^and  after  computing  the  value  of  the  coal  in  thin  beds,  accord- 
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ing  to  the  formula  given  on  page  84,  it  was  decided  to  avoid  a 
sliding  scale  both  in  value  and  recovery  by  reducing  the  value  of  beds 
less  than  6  feet  thick  10  per  cent  for  each  foot  below  6  until  tlie 
minimum  for  that  coal  is  reached.  Thus  the  coal  in  a  5- foot 
bed  is  computed  at  90  per  cent  of  the  value  per  ton  of  the  coal 
in  a  6-foot  bed,  the  coal  in  a  3- foot  bed  at  70  per  cent  of  the  value 
per  ton  of  the  coal  in  a  6- foot  bed,  and  so  on.  This  reduction  for  the 
value  of  the  coal  in  beds  less  than  6  feet  thick  is  readily  computed  by 

multiplying  the  normal  value  per  ton  by  -i-,  where  t  is  the  thickness 

in  feet.  Figures  showing  the  results  obtained  by  multiplying  the 
relative  value  of  coal  in  thin  beds,  given  in  column  8  of  the  preceding 
table,  by  various  assumed  rates  of  recovery  were  plotted  on  cross- 
section  paper  and  an  arbitrary  line  was  drawn  through  the  middle 
of  the  group  of  lines  so  obtained.  This  line  is  practically  a  straight 
line,  giving  a  reduction  in  value  of  10  per  cent  for  each  1-foot  reduc- 
tion in  thickness,  and  was  accepted  as  representing  fair  average 
relative  values. 

Sufficient  data  were  not  at  hand  on  the  relative  cost  of  mining  coals 
more  than  10  feet  thick  to  lead  to  definite  figures,  or  figures  having 
more  than  approximately  authoritative  value.  It  is,  however,  gen- 
erally recognized  that  the  cost  of  working  coals  does  not  continue  to 
decrease  indefinitely  as  the  beds  increase  in  thickness,  for  the  in- 
creased cost  of  timbering  and  increases  due  to  other  practical  diffi- 
culties gradually  overcome  the  gain  due  to  smaller  acreage,  and  in- 
creases for  the  thick  coals  in  general  probably  entirely  offset  that 
gain.  From  beds  more  than  10  feet  thick,  other  things  being  equal, 
the  recovery  per  acre-foot  decreases  with  increase  in  thickness,  owing 
to  the  necessity  of  leaving  larger  pillars  and  the  difficulty  of  reaching 
all  the  coal.  It  has  therefore  been  assumed  that  the  recovery  dimin- 
ishes on  each  additional  foot  above  10.  Thus  a  16-foot  bed  takes  first 
the  normal  value  on  10  feet;  next  the  eleventh  foot  is  valued  at  onlv 
99  per  cent  of  the  value  fixed  for  the  tenth  foot,  the  twelfth  foot  at 
98  per  cent,  and  so  on,  the  sixteenth  foot  having  a  value  of  only  94 
per  cent  of  the  value  fixed  for  the  tenth  foot. 

In  computing  acre  values  on  beds  over  10  feet  thick  it  has  been 
found  best  to  use  the  normal  basing  value  in  cents  per  ton  of  a  10- 
foot  bed  and  assume  the  same  recovery  per  acre- foot  and  then  com- 
pute the  thickness  (f)  of  a  bed  that  without  deduction  will  yield 
the  same  acreage  recovery  as  the  bed  in  question.  Where  the  thick- 
ness in  feet  (t)  is  more  than  10  the  equivalent  thickness  (t^)  is  ex- 
pressed by  the  following  formula:  f  =  9-h   ~— (2— .    ^nn  )' 
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Summarizing  the  above:  The  Govermnent  price  per  ton  for  a 
bed  6  to  10  feet  thick  will  range  from  6.4  mills  (0.64  cent)  for  an 
8,000  B.  t  u.  coal  to  1.2  cents  for  a  15,000  B.  t.  u.  coal,  but  if  a  coal  is 
of  coking  quality  its  price  may  be  increased  to  a  maximum  of  2.4 
cents,  or  if  its  quality  is  low  it  may  be  decreased  to  one-tenth  cent 
or  less. 

In  computing  the  thickness  of  a  split  or  broken  bed  for  valuation 
the  same  allowance  is  made  as  in  considering  classification. 

The  following  table  gives  the  computed  value  per  acre  of  ordinary 
coal  beds  of  different  B.  t.  u.  and  different  thickness : 

Normal  price  per  acre  of  coal  land  containing  one  bed  of  coal  with  heat  values 
from  10,000  to  15,000  li.  t,  v.  and  thickness  from  1  foot  6  inches  to  50  feet. 


Price  per  acre. 

Equivalent 

Tons  per 

acre  at 

1.750 

tons  per 

acre-foot. 

Actaal 
thickness. 

oompated 
tblckness. 

10,000 
B.  t.  U.; 

11,000 
B.  t.  u.; 

12,000 
B.  t.  u.; 

13,000 
B.  t.  u.; 

14,000 
B.  t.  u.; 

15,000 
B.  t.  u.; 

0.8  cent 

0.88  cent 

0.96  cent 

1.04oent8 

1.12  cents 

1.20  cento 

per  ton. 

per  ton. 

per  ton. 

per  ton. 

per  ton. 

per  ton. 

Ft,  hk 

Ft.  in. 

1    6 

8 

a  16. 60 

o  17.25 

117.98 

aS8.58 

aS0.2S 

«I9.90 

2,625 

2 

1      2 

a9.60 

«ia56 

a  11.52 

a  12. 48 

a  13. 44 

a  14. 40 

8,500 

3 

2      1 

a  16.80 

a  18.50 

20.15 

21.85 

23.50 

26.20 

5,250 

4 

3      2 

25.60 

28.16 

30.75 

33.30 

85.80 

38.40 

7,000 

5 

4      6 

36.00 

39.60 

43.20 

46.75 

50.40 

54.00 

8,750 

6 

6 

48.00 

52.80 

57.60 

62.40 

67.20 

72.00 

10,500 

7 

7 

56.00 

61.60 

67.20 

72.80 

78.40 

84.00 

12,250 

8 

8 

64.00 

70.40 

76.80 

83.20 

89.60 

96.00 

14,000 

9 

9 

72.00 

79.20 

86.40 

93.60 

100.80 

106.00 

15,750 

10 

10 

80.00 

88.00 

96.00 

104.00 

112.00 

120.00 

17,500 

20 

19     5 

155.60 

171.20 

186.72 

201.94 

218.00 

233.30 

35,000 

30 

27    10 

223.40 

245.60 

268.00 

200.00 

312.50 

334.80 

52,500 

40 

35      4 

282.70 

311.00 

338.30 

367.50 

395.00 

423.00 

70.000 

50 

46      9 

374.80 

412.00 

440.00 

486.50 

525.00 

562.00 

87,500 

a  Where  the  computed  value  U  leas  than  $20  the  minimum  prescribed  bv  law  is  placed  on  the  land- 
120  if  the  lands  lie  within  15  miles  of  a  railroad  and  $10  if  more  than  15  miles  from  a  railroad. 
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If  the  calculated  thickness  of  any  cpal  bed  or  group  of  beds  shows 
a  considerable  variation  in  thickness  and  shows  that  this  variation 
is  not  regular,  it  must  be  recognized  that  on  any  40  acres  concerning 
which  no  data  are  available  the  coal  may  be  as  thick  or  as  thin  as 
the  maximum  or  minimum  measured  in  adjacent  areas.  Because 
of  the  limited  acreage  that  one  purchaser  may  now  legally  buy  and 
because  he  may  not  exchange  his  land  for  other  land  if  it  proves 
not  to  be  underlain  by  as  much  coal  as  had  been  estimated  in  de- 
termining its  price,  an  allowance  should  in  fairness  be  made  to  him 
for  possible  local  thinning. 

If  any  regularity  is  shown  in  the  changing  thickness  of  the  coal, 
the  practice  is  adopted  of  drawing  lines  of  equal  thickness,  a  feature 
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best  illustrated  by  giving  a  concrete  case,  such  as  is  represented  in 
figure  5. 

On  this  map  lines  were  drawn  from  the  position  of  one  measure- 
ment  to  the  position  of  each  adjacent  measurement  and  the  thick- 
ness was  assumed  to  grade  uniformly  from  one  to  each  of  the  other 
points.  Valuation  is  then  based  on  the  average  thickness  thus  found 
for  each  forty  that  is  being  valued.  If  the  measurements  do  not 
show  any  regularity  in  the  change  of  thickness,  the  Survey  has 
adopted  a  method  of  computing  thickness  that  permits  the  thickness 
of  the  coal  under  any  tract  of  land  to  be  considered  as  less  than  the 
average  of  the  measurements,  in  order  to  favor  the  buyer,  for  the 
reasons  already  stated.  For  while  the  coal  is  as  likely  to  be  above 
the  average  as  below  and,  mathematically,  is  more  likely  to  be  just 
the  average  thickness  than  any  other,  yet  a  cautious  buyer  bargain- 
ing for  coal  would  always  want  to  discount  the  probability  a  little, 
as  a  matter  of  safety.  If  all  the  measurements  on  a  bed  indicate  the 
same  thickness,  that  thickness  may  be  safely  taken  as  the  thickness 
of  the  coal  under  any  land  included  by  the  measurements.  If  the 
measurements  vary  but  slightly  from  the  average,  the  thickness  un- 
der the  land  where  no  measurements  are  obtained  is  not  likely  to  be 
mudi  below  the  average.  If,  however,  the  variation  is  large,  the 
coal  in  some  places  may  be  even  thinner  than  the  smallest  measure- 
ment ;  yet  to  assume  that  the  coal  under  all  the  land  where  no  actual 
measurements  were  tnade  is  as  thin  as  the  thinnest  measurements 
obtained  would  be  overcautious.    A  more  probable  thickness  is  ob- 

SD 

tained  by  multiplying  the  average  of  the  measurements  by  (1  —  q-), 

in  which  S  is  the  sum  of  all  the  measurements  and  SD  is  the  sum  of  the 
numbers  obtained  by  subtracting  from  the  average  each  measurement 
below  it  or  subtracting  the  average  from  each  measurement  above 
it.  For  example,  if  the  measurements  on  a  given  bed  in  a  certain 
area  are  4  feet,  6  feet,  7  feet,  3  feet,  4  feet,  8  feet,  5  feet,  2  feet,  4  feet, 
2  feet,  6  feet,  and  10  feet,  the  average  of  all  the  measurements  is 
5  feet;  the  sum  of  the  measurements  is  60  feet;  the  difference  be- 
tween the  several  measurements  and  the  average  5  feet  is  ,1  foot, 
0,  2  feet,  2  feet,  1  foot,  3  feet,  0,  8  feet,  1  foot,  3  feet.  1  foot, 
5  feet,  which  added  together  give  21  feet;  so  21  feet  divided  by- 60 
has  been  called  the  "  modulus  of  irregularity  "  and  has  been  adopted 

21 
as  a  factor  of  safety;  l  — --  or  100  per  cent  — 35  per  cent » 65  per 

cent;  65  per  cent  of  5  feet  =  3^  feet;  therefore  3^  feet  is  taken  as  a 
safe  average  thickness  on  which  to  sell  the  coal — in  other  words, 
the  thickness  which  it  is  highly  probable  will  be  reached  or  exceeded 
by  the  coal  under  any  of  the  land  within  the  area  of  the  measure- 
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FiouRB  5. — Bketeb  map  sbowliiK  lines  aloDg  which  a  coal  bed  la  of  equal  thickness 
(IsoiMichoufl  lines),  drawn  for  use  in  the  valuation  of  coal  land. 
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ments  given.  In  this,  of  course,  the  Government  is  favoring  the 
buyer  to  the  extent  that  the  computed  safe  average  is  below  the 
actual  average  of  measurement;  but,  on  the  other  hand,  it  is  believed 
that  this  is  no  more  than  would  properly  be  demanded  by  the  aver- 
age purchaser  of  private  coal  lands  who,  knowing  the  measurements 
of  thickness  on  the  land  to  be  purchased,  wishes  to  safeguard  himself 
against  the  possibility  that  the  measurements  will  prove  to  be  above 
the  average  of  all  of  the  coal.  This  safeguard  is,  of  course,  in  addi- 
tion to  the  allowance  for  such  a  possibility  in  the  purchase  price. 

VAI.US   FEB   AOBX. 

The  Government  prices  for  coal  land  are  based  on  an  assumed 
possible  recovery  of  1,000  tons  per  acre-foot.  As  an  acre  of  coal  a 
foot  thick  contains  l;750  to  1,800  tons,  this  recovery  represents  about 
60  per  cent  of  the  coal  in  the  ground.  This  percentage  was  long 
used  in  commercial  estimates,  though  at  present  it  is  usually  much 
exceeded  by  the  percentage  actually  recovered  in  all  good  coal  min- 
ing, especially  in  the  bituminous  fields  of  western  Pennsylvania  and 
in  many  regions  in  the  Central  West  where  the  longwall  method  of 
mining  has  been  practiced,  by  which  the  recovery  in  many  places  is 
estimated  at  90  per  cent  or  more. 

Although  a  recovery  of  1,000  tons  per  acre-foot  is  fixed  in  the  regu- 
lations and  is  used  in  all  computations,  the  value  per  ton  assumed  for 
coals  thinner  than  6  feet  or  thicker  than  10  feet  recognizes  the  re- 
covery of  more  than  1,000  tons  per  acre-foot  for  coal  in  thin  beds  and 
of  less  than  1,000  tons  per  acre- foot  for  coal  in  very  thick  beds,  thus 
avoiding  the  use  of  a  variable  recovery  factor  in  making  individual 
computations. 

If  more  than  one  bed  underlies  a  tract  of  land  the  earlv  rule  in 
valuing  was  to  take  the  normal  value  of  the  bed  likely  to  be  worked 
first,  60  per  cent  of  the  value  of  the  bed  next  worked,  40  per  cent 
of  the  value  of  the  next,  and  30  per  cent  of  the  value  of  any  others, 
the  reduction  being  made  on  the  beds  not  worked  at  first  to  allow  for 
interest  on  the  investment  for  the  long  period  during  which  they  re- 
mained in  the  ground.  Fuller  consideration  of  this  .subject,  how- 
ever, and  closer  study  of  the  operation  of  many  mines  that  work 
several  beds  simultaneously  or  one  immediately  after  the  other  and 
of  the  practical  advantages  of  using  the  same  plant  for  working  beds 
either  simultaneously  or  successively  have  led  to  the  belief  that  these 
advantages  more  than*  outweigh  the  added  interest  that  accrues  dur- 
ing the  longer  period  of  holding.  '' 

Accordingly,  under  the  regulations  now  in  force,  consideration  is 
had  only  of  the  total  quantity  of  coal  in  the  ground,  no  reduction 
being  made  for  interest  on  the  investment  if,  after  allowance  for 
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the  reduced  value  of  the  thin  beds,  the  sum  of  the  thicknesses  of  the 
beds  does  not  exceed  10  feet«  If  the  total  thickness  of  the  coal  under 
a  tract  of  land,  after  reduction  for  thin  beds  and  for  partings,  is 
more  than  10  feet,  the  total  value  of  the  coal  is  computed  by  the 
formula  previously  given  for  computing  the  value  of  thick  beds. 

BJQ>UCTIOX   WOR  DSFTK. 

It  has  been  pointed  out  that  the  determihation  of  the  depth  to 
which  a  coal  may  be  profitably  mined  is  a  problem  involving  the 
consideration  of  diminishing  profits.  If  a  coal  that  is  being  mined 
near  the  surface  is  yielding  a  net  profit  of  25  cents  a  ton  and  if  the 
cost  of  mining  it  increases  1  cent  a  ton  for  every  100  feet  of  increase 
in  depth  (purely  an  assumption),  it  is  evident  that  the  profits 
will  disappear  when  the  mine  has  reached  a  depth  of  2,600  feet,  so 
that  the  coal  becomes  unminable  at  a  reasonable  profit  at  some  point 
of  less  depth,  say  2,000  feet.  Obviously  anything  that  increases  the 
profits — such  as  a  gain  in  quality — ^will  increase  the  depth  of  profit- 
able mining,  and  anything  that  decreases  the  profits — ^such  as  an  in- 
crease in  the  cost  of  mining — ^will  decrease  the  depth  of  profitable 
mining. 

If  depth  limits  are  assumed  for  coals  of  different  grades  and  differ- 
ent thicknesses,  it  may  also  be  assumed  that  the  cost  of  mining  in- 
creases uniformly  with  increase  of  depth,  though  it  is  strongly  sus- 
pected that  the  cost  of  mining  increases  at  an  accelerating  rate  as 
the  depth  increases,  but  as  sufficient  data  to  prove  this  are  not  avail- 
able a  uniform  rate  of  increase  has  been  assumed. 

If  a  certain  coal  has  a  normal  value  at  any  depth  within  500  feet 
of  the  surface  its  value  has  been  assumed  to  reach  zero  at 
its  depth  limit,  and  its  price  has  been  decreased  uniformly  from  a 
point  where  it  goes  below  the  600- foot  depth  down  to  its  depth  limit. 
If,  for  example,  a  bed  has  a  value  of  $60  an  acre  at  the  depth  of  500 
feet  and  its  depth  limit  is  2,600  feet,  and  if  it  reaches  its  depth  limit 
3  miles  beyond  the  point  where  it  lies  at  a  depth  of  500  feet,  its  dip 
remaining  constant,  it  loses  a  value  of  $60  in  crossing  twelve  40-acre 
tracts,  or  $5  for  each  forty.  The  successive  forties  underlain  by  this 
coal  would  therefore  be  valued  at  $55,  $50,  $45,  $40,  $35,  $30,  $25,  and 
thence  to  the  depth  limit  at  $20. 

Ordinarily  the  depth  of  a  bed  does  not  increase  uniformly  to  its 
limit,  but  its  steepest  pitch  or  dip  is  at  its  outcrop  and  its  dip  grad- 
ually lessens  toward  the  center  of  the  basin  in  which  it  lies.  Its 
depth  at  all  places  is  indicated  on  the  field  sheets  by  contour  lines 
representing  uniform  elevations  above  sea  level.  From  these  contour 
lines  it  is  possible  to  compute  the  average  depth  of  the  bed  under 
any  40-acre  tract,  and,  the  rate  of  diminishing  value  having  been 
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established  by  dividiog  the  difference  between  the  depth  limit  and 
600  feet  by  the  normal  value  at  the  surface,  each  40  acres  can  be 
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valued  accordingly.  The  average  depth  of  coal  in  a  forty  that  is 
crossed  at  an  angle  by  the  outcrop  or  the  deptli-contour  lines  is  the 
depth  at  the  geometrical  center  of  the  area  underlain. 
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If  the  dip  of  the  coal  bed  whose  value  is  given  above  had  not 

been  regular  the  rate  of  its  diminishing  value  would  have  been 

OKOCi — 'inn 

^ —  —  $1  for  each  83i  feet,  so  that  if  the  depth  under  a  given 

forty  averaged  1,600  feet,  the  value  of  the  forty  would  be 

^^_1600-500„^ 

If  more  than  one  bed  of  coal  underlies  a  40-acre  tract  and  the  beds 
are  not  close  together  each  one  is  valued  independently  and  the  value 
of  the  forty  is  taken  as  the  sum  of  the  value  of  the  independent  beds. 
If  several  beds  occur  in  a  group  a  normal  value  is  figured  out  for 
the  group  and  this  value  is  reduced  according  to  the  depth.  In  fixing 
the  value  of  a  group  of  dipping  beds  allowance  is  made  for  the 
change  in  the  value  of  the  group  due  to  the  lower  beds  passing  below 
the  500- foot  line  before  the  higher  beds  and  reaching  the  depth  limit 
before  they  do. 

Formulas  have  been  worked  out  to  facilitate  the  calculation  of  the 
value  of  beds  involved  in  some  of  the  more  common  types  of 
computations.  These  formulas  are  platted  graphically  on  large 
diagrams  and  the  results  are  read  directly  from  them.  These  dia- 
grams contain  so  much  matter  that  a  reproduction  of  one  of  them 
(fig.  6)  on  the  reduced  scale  necessary  for  publication  in  this  bul- 
letin does  little  more  than  give  a  general  idea  of  their  character, 
particularly  as  they  are  too  involved  to  permit  their  description  in 
a  bulletin  that  is  not  intended  to  set  forth  details  of  classification. 

jjjCiOWAsroa  vob  VAUz/n. 

Faults — ^that  is,  breaks  in  the  rocks  involving  a  movement  of  beds 
on  either  side  of  the  break — occurring  in  a  coal  field  depreciate  the 
value  of  the  coal  for  mining  and  in  places  may  render  it  entirely 
unworkable.  Small  faults  may  be  disregarded  unless  they  are  so 
numerous  as  to  render  the  coal  expensive  or  difficult  to  mine.  If, 
however,  the  throw  of  the  fault  is  large — ^that  is,  if  the  edges  of 
the  beds  that  are  broken  have  been  so  far  separated  by  movement 
at  an  angle  to  the  bedding  that  entries  can  not  handily  be  driven  from 
the  coal  on  one  side  of  the  fault  to  the  coal  on  the  other — ^the  value 
of  the  land  is  clearly  less  than  that  in  whidi  there  is  no  fault,  its 
smaller  value  being  due  both  to  the  extra  cost  of  recovery  and  to 
possible  crushing  of  the  coal  along  the  fault  planes.  The  price  of 
coal  in  such  places  is  determined  by  considering  the  two  parts  of 
any  forty  traversed  by  the  fault  separately,  and  giving  the  normal 
price  to  the  part  having  the  higher  value  and  40  to  95  per  cent  of 
the  normal  price  to  the  part  having  the  lower  value.  From  the  total 
thus  obtained  5  to  15  per  cent  may  be  deducted  to  allow  for  crushing 
along  the  fault  plane. 
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MFFWCfS  OF  ZHTBUHXOflS. 

Intrusions  of  igneous  rock  may  affect  a  coal  bed  favorably,  as 
where  they  occur  in  sheets  close  above  or  below  the  coal  and  have 
had  the  effect  of  changing  it  from  a  bituminous  or  lower  grade  of 
coal  to  an  anthracite.  The  physical  character  and  B.  t  u.  value 
of  such  coals  reflect  amply  the  favorable  results  of  the  intrusion. 
More  often  the  intruded  masses  of  igneous  rock  are  in  the  form  of 
more  or  less  vertical  dikes  that  cut  the  bed  in  various  directions. 
Obviously  these  dikes  detract  from  the  value  of  the  bed  by  increasing 
the  cost  of  mining,  and  an  allowance  is  made  in  the  final  price  in 
accordance  with  their  character  and  extent 

AXiX^OWAVOB   VOB   OTBSB  FAOXOBS. 

In  addition  to  the  factors  that  have  been  specifically  considered, 
many  other  factors  are  taken  into  account  in  valuing  the  land  in 
I  any  field.    Of  these  the  one  tor  which  the  largest  allowance  is  likely 

to  be  made  is  that  of  imcertainty.  In  some  fields  it  has  been  possible 
to  obtain  measurements  on  the  coal  along  its  outcrop  at  points  a 
quarter  of  a  mile  or  less  apart,  and  some  of  these  measuremrats 
are  supplemented  by  others  made  in  drillings  at  points  "  back  '*  from 
the  outcrop,  so  that  in  such  places  it  is  possible  to  determine  the 
"  habit "  of  the  bed  with  some  degree  of  certainty.  In  other  places, 
especially  in  coal  fields  covered  with  a  blanks  of  glacial  deposits, 
or  in  broad  valleys  where  the  coals  are  under  an  alluvial  cover,  or 
in  other  fields  where,  owing  to  almost  continuous  burning  along 
the  outcrops,  it  is  difficult  to  get  accurate  information  as  to  the  thick- 
ness of  the  beds,  an  allowance  is  made  for  uncertainty — an  allow- 
ance that  may  take  the  form  of  a  greatly  reduced  estimated  thickness 
of  the  bed  or,  as  is  more  common,  of  a  restriction  of  the  assumed 
area  of  workable  coal.  It  has  been  found  that  the  ooal  of  certain 
fields  was  originally  deposited  with  more  regularity  in  some  belts 
and  areas  than  in  others,  and  in  many  places  the  ooal  was  deposited 
with  great  regularity  around  the  edge  of  a  basin  but  not  in  its 
center.  Allowance  is  made  for  the  possible  thinning  of  the  coal  in  all 
siuch  places  if  exact  data  are  not  at  hand,  and  the  tract  is  classed 
either  as  noncoal  land  or  as  coal  land  of  the  minimum  value.  Many 
other  factors  are  taken  into  account,  such  as  known  poor  roof  or 
floor,  which  may  seriously  affect  the  cost  of  mining  and  the  value 
of  the  coal  in  place.  Allowance  is  made  for  the  extra  cost  of  mining 
beds  that  include  partings  by  making  deductions  for  partings,  it 
being  assumed  that  the  extra  cost  due  to  the  partings  eats  up  the 
profits  on  an  equal  thickness  of  coal. 
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SMDinmaX  VOB   DXSTAVOB   VBOX   itATr.»oAT> 

Distance  from  railroads  very  largely  affects  the  value  of  coal  land. 
In  fixing  the  value  of  Government  coal  land,  however,  distance  from 
railroads  is  not  taken  into  account,  their  value  being  based  on  that 
of  the  coal  itself,  but,  in  accordance  with  the  law,  the  price  so  fixed  is 
automatically  reduced  one-half  for  all  lands  lying  more  than  15  miles 
from  a  railroad  in  operation.  Some  land  that  contains  coal  beds, 
though  within  15  miles  of  a  railroad,  can  not  be  reached  by  a  rail- 
road switch  without  going  either  around  or  over  a  high  moun- 
tain, so  that  by  either  route  its  distance  from  the  railroad  practically 
exceeds  the  15-mile  limit.  Such  land  is  treated  as  if  it  were  beyond 
the  15-mile  limit  and  its  price  is  reduced  one-half,  though  not  below 
the  legal  minimum — $20  an  acre. 


In  view  of  the  uncertainty  that  may  exist  concerning  many  features 
of  an  undeveloped  coal  field,  even  if  the  evidence  seems  conclusive 
that  it  contains  a  large  volume  of  coal,  the  maximum  price  of  coal, 
land  is  fixed  by  the  regulations  at  $300  an  acre,  except  that  if  the  field 
in  which  the  land  is  situated  contains  very  large  mines,  and  if  the 
coal  is  well  known  in  the  market  and  its  adaptability  to  different 
uses  has  been  demonstrated,  the  price  of  the  land  is  computed  from 
the  value  of  the  coal  it  contains,  whether  it  exceeds  $300  an  acre 
or  not. 

REVIEW  or  CI^iSSiriCATION. 

According  to  the  regulations  the  classification  of  any  land  as  coal 
land  is  subject  to  review  by  the  Secretary  of  the  Interior,  but  the 
person  making  the  application  for  review  must  present  facts  that 
show  clearly  and  specifically  that  the  land  is  not  coal  bearing  in  the 
sense  of  that  term  as  it  is  defined  in  the  regulations.  The  facts  set 
forth  in  nearly  all  applications  for  review  and  reclassification  of  coal 
land  simply  show  that  no  coal  can  be  seen  outcropping  on  or  close  to 
the  land  and  that  no  coal  has  been  found  in  drilling  wells  for  water 
on  or  near  the  land.  Before  such  applications  are  filed  request  should 
be  made  of  the  Geological  Survey  to  state  the  basis  of  the  classifica- 
tion,  for  a  large  percentage  of  the  coal  land  has  been  classified  as 
such  because  it  is  underlain  by  coal  at  depths  of  500  feet  or  more, 
whereas  the  rocks  at  the  surface  contain  no  coal  and  may  be  of  entirely 
different  age  from  the  underlying  coal-bearing  rocks.  Data  presented 
in  a  request  for  reclassification  have  determinative  value  only  if  they 
differ  from  data  already  in  the  records  of  the  Geological  Survey. 
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REGULATIONS  FOR  THE  CLASSIFICATION  AND  VALUATION  OF  PUBLIC  COAL 

LANDS. 

The  following  regulations  were  approved  February  20,  1913,  by 
Secretary  of  the  Interior  Fisher: 


1.  Land  shall  be  classified  as  coal  land  if  it  contains  coal  haying — 

(a)  A  heat  value  of  not  less  than  S^OOO  B.  t.  u.  on  an  air-dried, 
unwashed  or  washed,  unweathered  mine  sample. 

(6)  A  thickness  of  or  equivalent  to  14  inches  for  coals  having  a 
heat  value  of  12,000  B.  t  u.  or  more,  increasing  1  inch  for  a  de- 
crease from  12,000  to  11*000  B.  t  u.,  1  inch  for  a  decrease  from 
11,000  to  10,500  B.  t  u.,  1  inch  for  each  decrease  of  250  B.  t  u. 
from  10,500  to  10,000,  and  1  inch  for  each  decrease  of  100  B.  t  u. 
below  10,000. 

(c)  A  depth  below  the  surface  for  a  bed  of  coal  6  feet  or  more 
thick  of  not  more  than  100  feet  for  each  900  B.  t  u.  or  major 
fraction  thereof,  and. for  a  bed  of  minimum  thickness  for  that 
coal  a  depth  of  not  more  than  500  feet,  and  for  beds  of  any  thick- 
ness between  the  minimum  and  6  feet  a  depth  directly  propor- 
tional to  that  thickness  within  these  limits,  provided  that,  if  tbe 
coal  lies  below  the  depth  limit  but  within  a  horizontal  distance 
from  tho  surface  not  exceeding  10  times  the  depth  limit,  or  if  its 
horizontal  distance  from  the  foot  of  a  possible  shaft  (not  deeper 
than  the  depth  limit)  plus  7.5  times  the  depth  of  such  shaft  does 
not  exceed  10  times  the  depth  limit,  the  land  phall  be  classified  as 
coal  land;  provided,  further,  that  the  depth  limit  shall  be  com- 
puted for  each  individual  bed,  except  that  where  two  or  more  beds 
occur  in  such  relations  that  they  may  be  mined  from  the  same 
opening  the  depth  limit  may  be  determined  on  the  group  as  a' 
unit,  being  fixed  at  the  center  of  weight  of  the  group,  no  coal 
that  is  below  the  depth  limit  thus  determined  to  be  considered. 

2.  Classification  shall  be  made  by  quarter-quarter  sections  or  surveyed  lota 
except  that  for  good  reason  classification  may  be  made  by  2i-acre  tracts  or 
multiples  thereof  described  as  minor  subdivisions  of  quarter-quarter  sections  or 
rectangular  lotted  tracts. 

XX.  VAXiTTATXOH. 

3.  For  purposes  of  valuation  the  price  per  ton  for  a  noncoking,  nonanthracite 
coal  6  to  10  feet  thick  shall  be  one-tenth  of  a  cent  for  each  1,250  B.  t  u. : 

•  (a)  Provided  that  the  price  per  ton  may  be  increased  by  not  more 
than  100  per  cent  if  the  coal  is  coking,  smokeless,  or  anthracitic 
or  has  other  enhancing  qualities ;  or  it  may  be  decreased  for  high 
sulphur  or  ash,  friability,  or  nonstocking  or  other  qualities  that 
reduce  the  value ;  and 

(&)  Provided,  further,  that  if  the  coal  In  one  bed  is  over  10  feet 
thick  the  price  on  each  foot  above  10  feet  shaU  be  reduced  1  per 
cent  for  each  such  foot  (thus  the  reduction  will  be  1  per  cent  on 
the  eleventh  foot,  2  per  cent  on  the  twelfth  foot,  and  so  on) ;  or 
if  the  coal  is  less  than  6  feet  thick  the  price  shall  be  reduced  b^ 
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44-C 
multiplying  the  nonnal  valae  by  -^->  where  t  equals  thickness 

in  feet;  and 
(c)  ProTlded  that  where  the  thickness  of  any  bed  varies  irregu- 
larly its  oompnted  thickness  (CT)  over  any  area  shall  be  equal 
to  the  average  of  the  measurements  (AM)  less  the  sum  of  the 
differences  between  each  measurement  and  the  average  of  the 
measurements  (SD)  divided  by  the  sum  of  the  measure- 
ments (S) : 

CT=AM-^ 

a 

4.  The  value  of  any  acre  within  15  miles  of  a  railroad  in  operation  shall  be 
determined  at  the  rate  per  ton  prescribed  above  on  au  estimated  recoverable 
tonnage  of  1,000  tons  to  the  acre-foot: 

Provided  that  if  the  coal  Is  in  several  beds  having  an  aggregate 
thickness  of  more  than  10  feet  if  beds  less  than  6  feet  thick  are 
considered  at  the  reduced  thickness  as  prescribed  above,  the 
value  due  to  each  foot  above  10  feet  shall  be  reduced  1  per  cent 
for  each  such  foot  (as  in  computing  the  price  per  ton  on  a  single 
thick  bed)  up  to  a  thickness  of  80  feet,  above  which  any  addi- 
tional thickness  shall  be  valued  at  80  per  cent  of  the  normal 
value. 

5.  This  price  shall  be  decreased  one-half  if  the  land  is  more  than  16  miles 
from  a  railroad  in  operation,  or  if  it  is  within  that  limit  but  inaccessible  owing 
to  topographic  conditions;  but  no  land  shall  be  valued  at  less  than  the  legal 
minimum  price,  nor  shall  the  price  of  any  land  exceed  $.H00  an  acre  except  in 
districts  which  contain  large  coal  mines  and  where  the  character  and  extent  of 
the  coal  are  well  known. 

6.  Within  the  above  restrictions  a  graded  allowance  shall  be  made  for  increas- 
ing depth,  and  allowance  may  be  made  for  any  special  conditions  enhancing  or 
diminishing  the  value  of  the  land  for  coal  mining. 

7.  If  only  a  part  of  a  smallest  legal  subdivisiofi  is  underlain  by  coal  the  price 
per  acre  shall  be  fixed  by  dividing  the  total  estimated  coal  values  by  the  number 
of  acres  in  the  subdivision,  but  this  price  shall  not  be  less  than  the  minimum 
provided  by  law. 

8.  When  lands  which  were  at  the  time  of  classification  more  than  15  miles 
from  a  railroad  are  brought  within  the  16-mile  limit  by  the  beginning  of  opera- 
tion of  a  new  road,  all  values  given  in  the  original  classification  shall  be  doubled 
by  the  register  and  receiver. 

9.  Review  of  classification  or  valuation  may  be  had  only  on  application  there- 
for to  the  Secretary,  accompanied  by  a  clear  and  specific  statement  of  conditions 
not  existing  or  not  known  to  exist  at  the  time  of  examination. 

RESTORATION. 

After  the  classifications  and  valuations  are  completed  the  lands  are 
restored  to  entry.  Those  that  contain  no  coal  resume  the  status  that 
they  had  prior  to  the  withdrawal.  The  coal  lands,  after  restoration, 
may  be  acquired  under  the  coal-land  laws  at  the  valuation  prices, 
surface  entry  under  the  agricultural-land  laws  and  the  State  selection 
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acts  being  permitted  at  any  time  prior  to  their  alienation  under  the 
coal-land  laws.    A  typical  order  of  restoration  is  given  below. 

Department  of  the  Intebiob, 

United  States  Oeological  Sxtrvey, 

Washinfftot^  February  12,  1913. 
The  honorable  the  BECiarrABT  of  the  Interior. 

Sir:  The  classtfication  of  the  lands  listed  below,  which  are  included  In  an 
existing  withdrawal,  has  been  completed  and  reported  to  the  Land  Office,  and  I 
therefore  recommend  the  submission  to  the  President,  for  appropriate  action,  of 
the  following  order  of  restoration,  involving  264,009  acres,  all  noncoal.  These 
lands  are  not  included  in  petroleum  or  phosphate  reserves  or  in  national  forests, 
but  part  are  within  a  power-site  reserve. 

Very  respectfully,  Geo.  Otis  Smith, 

Director, 

Februabt  18,  1913. 
Resfiectfully  referred  to  the  President  with  favorable  recommendation. 

Walter  L.  Fisher, 

Secretary, 

Order  of  Restoration. 

Con M and  restoration — Idaho  No.  10. 

So  much  of  the  order  of  withdrawal  made  heretofore  for  the  purpose  of  coal- 
land  classification,  namely,  Idaho  No.  1,  as  aifects  the  lands  hereinafter  described 
is  hereby  revoked  for  the  reason  that  the  Director  of  the  Oeological  Survey  has 
classified  these  lands.  This  revocation  does  not  aifect  withdrawals  or  resanra- 
tions  other  than  as  above  set  forth. 

Boise  ffieridian, 

T.  35  K,  R.  1  E.,  all  of  township. 

[Here  follows  the  remainder  of  the  land  description.] 

Wm.  H.  Taft. 

President. 
Ferruary  18.  1913. 

FIELD   WORK   ON   COAL   LANDS. 
OBNXSAIi  KATX7BB    OF   THX   WOBX. 

The  second  general  step  in  the  process  of  classification  is  to  obtain 
in  the  field  the  information  there  available  that  is  necessary  for  the 
classification.  Field  work  that  is  done  expressly  for  the  classifica- 
tion of  coal  land  involves  all  research  that  is  made  in  general  geologic 
field  work  but  gives  special  weight  to  certain  factors.  The  informa- 
tion needed  for  classifying  coal  land  relates  to  (1)  location,  (2) 
stratigraphy,  (3)  horizontal  extent  and  thickness  of  coal  beds,  (4) 
vertical  position,  and  (5)  quality  of  the  coal.  These  may  be  taken 
up  in  turn. 
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In  work  done  for  classification  all  the  points  or  features  concern- 
ing which  information  is  obtained  in  the  field  must  be  accurately 
located  with  reference  to  the  land  lines,  for  if  locations  are  not 
exactly  specified  the  information  is  of  little  value.  For  example,  a 
geologist  may  study  an  outcrop  of  a  30- foot  bed  of  coal,  measure  its 
sections,  photograph  it,  and  sample  and  analyze  the  coal  to  determine 
its  quality  or  test  it  in  any  other  way,  but  if,  when  he  has  done  all 
these  things,  he  can  not  tell  whether  the  outcrop  is  in  sec.  81  or  sec. 
32  of  a  given  township,  the  information  he  has  gathered  is  entirely 
valueless  for  purposes  of  classification.  It  is  therefore  necessary 
that  aU  the  features  to  which  his  information  relates  be  accurately 
located  on  his  field  maps,  with  special  reference  to  township  and 
range  lines,  section  lines,  and  quarter-section  lines,  and  even  accu- 
rately within  the  40-acre  tracts,  as  it  is  desirable  to  know  exactly 
how  many  acres  of  the  forty  are  underlain  by  coal  in  order  to 
determine  the  value  of  that  particular  forty.  The  methods  of  survey 
by  which  the  geology  is  tied  as  accurately  as  possible  to  the  public- 
land  net  have  been  described  in  a  preceding  chapter. 


The  first  purpose  of  gaining  a  thorough  knowledge  of  the  stratig- 
raphy is  to  be  able  to  recognize  groups  of  rocks  that  are  coal  bear- 
ing elsewhere  or  to  recognize  other  rocks  that  the  wide  experience 
and  knowledge  now  available  concerning  the  geology  of  the^ 
Western  States  have  shown  not  to  be  coal  bearing.  The  second 
purpose  is  to  determine,  from  such  data  as  may  be  obtained  on  the 
surface,  the  ^  lay  "  or  structure  of  the  coal-bearing  formation  and 
the  groups  of  coal  beds  it  contains. 

Just  as  in  the  Eastern  States  it  has  been  found  that  workable 
coal  beds  are  confined  to  a  particular  part  of  one  large  group  of  rocks, 
which  has  long  been  designated  the  ^  coal  measures,''  so  in  the  West 
it  has  been  found  that  workable  coal  beds  are  confined  to  relatively 
few  groups  of  rocks,  which  are  separated  usually  by  great  thicknesses 
of  other  rocks  that  are  nowhere  known  to  contain  workable  coal  beds. 
As  the  sedimentary  rocks  of  the  West  consist  mainly  of  sandstones, 
shales,  and  limestones,  those  of  like  lithologic  character  being  simi- 
lar to  one  another  in  general  appearance,  the  particular  sand- 
stones and  shales  with  which  the  coal  beds   are  associated  can 
Hs  a  rule  be  distinguished  only  by  means  of  the  fossil  plants  or 
animals  that  are  associated  with  them.    Thus  it  has  been  found 
necessary  to  employ  the  services  of  several  experienced  paleontolo- 
gists to  examine  the  fossils  associated  with  the  rocks  and  from 
these  fossils  to  determine  the  age  of  coal-bearing  formations. 
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The  first  step  of  the  geologist  who  has  been  sent  into  a  field  or 
area  that  is  known  or  has  been  reported  to  contain  workable  coals  is 
usual^  to  determine  what  groups  of  rocks  occur  in  that  region  and 
then,  knowing  the  groups  of  rocks  that  contain  workable  coal  beds  in 
other  places,  to  concentrate  his  attention  on  those  groups,  hunting  for 
coals  in  them.  Having  found  the  coals  his  next  work  is  to  determine 
the  number  of  groups  of  coals,  as  the  same  territory  may  contain 
two  or  three  or  even  more  coal-bearing  formations,  though  usually 
they  occur  in  different  parts  of  the  same  field.  His  next  step  is  to 
examine  the  several  coal-bearing  formations  in  order  to  determine, 
if  possible,  the  number  of  coal  beds  in  each.  This  work  naturally 
leads  to  the  determination  of  the  areal  extent  and  thickness  of  the 
beds. 

JUL'X'JUIT   AHB   THZCOCraM   OV   OOAIi 


Coal  is  a  rock  that  has  been  formed  from  vegetal  matter.  The 
vegetation  may  have  grown  where  the  coal  bed  is  now  found,  much 
as  it  grows  in  the  great  peat  bogs  of  Europe  or  some  of  the  large 
swamp  areas  of  this  country,  or  it  may  have  been  washed  or  drifted 
from  the  place  where  it  grew  to  the  place  where  it  now  occurs  as  coal. 
In  changing  from  a  mass  of  decaying  vegetal  matter  to  a  bed  of 
coal  its  volume  has  decreased  and  its  weight  per  cubic  foot  has  greatly 
increased.  It  has  also  lost  many  of  the  elements  of  thef  plants,  es- 
pecially the  moisture  they  contained,  and  if  during  its  formation 
the  coal  bed  was  inundated  by  muddy  waters  its  vegetal  matter 
may  have  been  overlain  or  intermingled  with  sand  or  mud.  This 
material  may  have  been  added  in  small  quantities  at  frequent  inter- 
vals, simply  rendering  the  coal  "  dirty,"  or  it  may  have  come  in  at 
long  intervals  and  then  in  large  quantity  so  as  to  form  a  blanket 
of  mud  or  sand,  which,  being  covered  by  renewed  accumulations  of 
vegetal  matter,  becomes  a  parting  of  clay  or  sandstone  in  the  coal 
bed.  In  a  few  places  a  single  coal  bed  has  been  deposited  in  a 
formation,  and  thousands  of  feet  of  other  rocks  have  been  laid  down 
beneath  and  above  it,  no  other  coals  having  been  formed.  More  fre- 
quently, however,  where  coal-forming  conditions  have  existed  they 
seem  to  have  recurred  in  such  a  way  that  a  succession  or  series  of 
coal  beds  are  laid  down  in  the  same  area.  In  one  region  most  of  the 
coals  in  a  group  deposited  in  that  way  may  be  thicker  in  the  same 
general  area,  and  all  the  beds  may  tend  to  thin  away  from  that  area. 
In  another  region  one  bed  of  a  group  may  be  thicker  in  one  locality 
and  a  higher  bed  of  the  same  group  may  be  thicker  in  another  locality . 

Coal  beds  vary  greatly  in  extent,  ranging  from  pothole  fillings 
having  about  the  shape  tliough  not  the  size  of  a  kettle  to  flat- 
lying  beds  thousands  of  square  miles  in  extent.  In  Missouri  a  num- 
ber of  coal  beds  have  a  thickness  in  places  of  90  feet  or  more  and 
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an  areal  extent  of  only  a  few  hundred  feet  or  less,  being  simply 
fillings  of  deep  holes  in  the  rock,  similar  in  shape  to  the  "pot- 
holes" that  are  so  abundant  around  some  waterfalls.     In  other 
places,  as  in  the  Sharon  field  of  Ohio,  the  coal  bed  has  the  shape 
of  a  valle^,  with  branches  where  side  streams  have  come  in,  and 
a  single  mine -may  follow  one  of  these  valleys  for  some  distance, 
the  coal  being  confined  to  a  width  of  perhaps  a  few  hundred  yards 
but  extending  indefinitely  up  and  down  the  valley,  which  in  some 
places   winds  tortuously.    In  still   other  places,  as  in  the   Block 
coal  field  of  Indiana,  the  coal  occurs  in  a  succession  of  shallow 
basins,  the  beds  having  a  thickness  of  8  to  5  feet  in  each  basin  and 
thinning  out  to  a  few  inches  between  the  basins.    The  bottoms  of 
the  basins  lie  20  to  80  feet  below  their  rims.    Some  of  these  basins 
are  so  small  and  so  close  together  that  the  coal  from»several  of  them 
is  extracted  by  a  single  mine,  the  entries  being  cut  through  the  rock 
from  the  lower  level  of  one  basin  to  the  lower  level  of  the  next 
basin.    Other  basins  have  a  length  of  3  or  8  miles  in  a  northwest- 
southeast  direction  and  a  width  of  one-half  mile  or  more.    Some  of 
the  individual  beds  can  be  traced  from  basin  to  basin  and  clearly 
recognized  by  peculiarities  in  the  coal.    In  other  fields  the  coal  ap- 
pears to  have  been  deposited  unevenly  in  little  depressions  that  are 
scattered  irregularly  over  a  large  territory  and  lie  at  various  levels, 
so  that  it  is  not  possible  to  trace  a  bed  from*  one  point  to  another, 
and  each  little  basin  must  be  considered  as  a  unit.    From  tliese  types 
of  irregular  and  narrowly  limited  coal  beds  every  gradation  may  be 
found  to  some  of  the  relatively  even  and  continuous  beds  of  the 
West,  the  extensive  beds  of  the  central  interior  coal  fields,  or  the 
Pittsburgh  and  other  beds  of  the  East,  which  have  an  outcrop  line 
hundreds  or  even  thousands  of  miles  in  extent  and  were  laid  down  in 
a  more  or  less  continuous  sheets  many  of  them  -covering  thousands  of 
square  miles.    Thus  the  Pittsburgh  bed  has  a  known  extent  of  over 
6.000  square  miles  and  is  found  in  isolated  areas  beyond  the  limits  of 
the  main  bed.     Other  Appalachian  coal  beds  are  of  much  greater 
extent,  some  of  them,  as  the  Lower  Kittanning,  having  many  times 
the  areal  extent  of  the  Pittsburgh  bed,  though  not  its  regularity. 

Certain  coal  beds  in  the  Illinois  fields  hiive  been  traced  without 
question  as  to  their  identification  over  a  large  part  of  that  State, 
through  a  portion  of  western  Kentucky,  and  through  the  entire 
length  of  the  Indiana  coal  field.  It  is  believed  that  many  of  the  coal 
beds  of  the  Western  States  are  also  traceable  over  large  areas.  Most 
of  these  widely  extended  coal  beds  have  certain  slight  but  definite 
features  or  peculiarities  or  are  associated  with  other  rocks  of  dis- 
tinctive character,  so  that  it  is  possible  to  recognize  them  at  any 
point.  The  peculiarity  of  a  bed  may  consist  of  some  particular  type 
of  parting  or  arrangement  of  partings  which  may  hold  for  long  dis- 
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tances,  or  it  may  consist  of  the  presence  just  above  or  below  the  bed  of 
a  stratum  that  has  easily  recognizable  characteristics.    In  order  to 
trace  and  identify  some  coal  beds  it  is  necessary  to  study  their  rela- 
tions to  one  another.    One  of  the  main  reasons  for  studying  the 
stratigraphy  is  to  identify  if  possible  at  the  outset  the  grotip  of  coaLs 
studied,  and  in  this  work  note  should  be  taken  of  the  determinations 
reached  by  the  wide  study  of  the  same  formations  in  previous  seasons. 
For  example,  in  the  great  coal  field  that  covers  much  of  western  North 
Dakota  and  part  of  South  Dakota,  all  of  southeastern  Montana  and 
the  great  Powder  River  field  of  Wyoming,  there  are  two  coal- 
bearing  formations — ^the  Fort  Union  above,  named  from  its  early 
recognition  at  Fort  Union  in  North  Dakota,  and  the  Lance  forma- 
tion below,  named  from  the  occurrence  of  those  rocks  on  Lance 
Creek  in  Wyoming.    The  Fort  Union  coals  are  as  a  rule  persistent ; 
they  have  local  thicknesses  of  10  to  30  feet  or  more,  and  some  of 
them  can  be  traced  for  hundreds  of  miles  along  their  outcrop,  and 
individual  beds  can  be  recognize4  from  point  to  point.    On  the  other 
hand,  the  Lance  coals  *occur  as  a  rule  in  small  lenses,  most  of  them 
a  fraction  of  a  mile  or  a  very  few  miles  in  extent.    The  coal  in  these 
lenses  ordinarily  is  but  little  above  the  minimum  workable  limit  and 
thins  rapidly  to  nonworkable  thickness  in  all  directions.     If  the 
geologist  knows  that  the  coals  in  any  particular  area  are  in  the  Fort 
Union  or  Lance  formation  he  knows  what  to  expect  concerning  them, 
for  if  he  finds  that  they  are  of  Lance  age  and  he  is  studying  at  the 
moment  the  coal  at  a  point  where  it  is  workable,  he  is  careful  to 
trace  it  if  possible  in  order  to  see  how  far  it  may  extend  before  it 
becomes  unworkable,  so  as  to  determine  as  closely  as  practicable  the 
exififiit  of  that  particular  lens.    If,  on  the  other  hand,  he  knows 
that  the  coal  before  him  is  of  Fort  Union  age  he  attempts  to  de- 
termine, if  possible,  what  particular  coal  bed  in  the  Fort  Union  it 
is,  and,  assiuning  that  he  will  find  that  same  bed  in  a  large  part  of  the 
country  ahead  of  him  and  that  he  will  judge  of  its  thickness  by  com- 
bining a  great  number  of  measurements  made  over  a  large  territory, 
he  does  not  with  the  same  attention  attempt  to  discover  whether  the* 
coal  pinches  out  a  short  distance  on  either  side  of  the  point  where  he  is 
standing.    In  all  of  thi^work  it  is,  of  course,  not  safe  to  assume  too 
much,  for  toward  the  south  end  of  the  Powder  River  field  the  beds  of 
coal  in  the  Lance  formation  increase  in  extent  and  thickness^  so  that 
they  more  nearly  resemble  those  of  the  Fort  Union  formation,  farther 
north. 

It  is  not  advisable  to  assume  absolutely  that,  because  in  some  area 
already  examined  a  coabbed  is  very  extensive  and  keeps  the  same 
thickness  with  great  regularity,  it  will  continue  to  be  extensive  and 
regular  in  territory  that  may  be  studied  later.  For  example,  the 
Pittsbu/gb  bed,  which  maintains  a  very  uniform  thickness  over  a 
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large  area  in  western  Pennsylvania,  becomes  very  irregular  in  south- 
ern Ohio,  so  much  so  that  it  has  been  wrongly  identified,  and  it  is 
only  within  a  few  years  that  the  bed  there  identified  as  the  Pitts- 
burgh has  been  shown  to  be  another  coal  higher  in  the  series.    Like- 
wise, in  the  Illinois-Indiana  field  coal  V,  which  is  probably  the  most 
persistent  bed  in  that  field  and  can  be  traced  along  its  outcr<)p  for 
thousands  of  miles  with  great  regularity,  pinches  out  in  parts  of 
Greene  County,  Ind.,  close  to  other  localities  where  it  shows  its 
greatest  thickness;  and,  again,  in  Warrick  County  it  loses  its  usual 
characteristic  roof  and  is  split  into  two  distinct  beds.    In  the  same 
way  many  of  the  coals  in  the  West  that  on  casual  scrutiny  appear  to 
be  persistent  prove,  when  studied  in  detail,  especially  in  connection 
with  mining  operations  or  where  close  prospecting  has  been  done 
with  a  drill,  to  vary  considerably  both  in  thickness  and  in  distance 
apart.     For  example,  at  Castlegate,  Utah,  four  beds  are  at  one 
point  separated  by  50  feet,  20  feet,  and  14  feet  of  strata,  whereas  a 
short  distance  away  these  intervening  rocks  pinch  out  and  the  four 
beds,  which  separately  are  on  the  average  only  about  3  feet  thick, 
come  together  to  make  a  single  bed  12  feet  thick.    Drilling  in  that 
field  has  shown  that  all  the  beds  tend  to  be  very  irregular,  splitting 
and  combining  again  and  changing  in  thickness,  so  that  in  tracing 
them  from  drilling  to  drilling  it  may  be  foimd  that  though  each  core 
shows  certain  workable  beds,  yet  a  bed  that  is  thick  at  one  point  is 
thin  at  the  next.    Detailed  work  in  many  of  the  eastern  fields  where 
extensive  mining  operations  have  afforded  minute  data  in  regard  to 
the  coal,  or  where  thousands  of  dollars  have  been  expended  in 
drilling,  has  shown  that  even  the  most  persistent  of  the  beds  are  sub- 
ject to  variations,  so  that  a  bed  which  can  be  traced  from  one  .mine 
to  another  over  a  whole  county  and  which*  may  show  a  variation 
of  only  a  few  inches  from  mine  to  mine  may  suddenly,  in*  mining 
parlance,  "go  to  pieces."    It  is  therefore  the  special  work  of  the 
field  geologist  not  only  to  locate  the  coal  ^n  the  ground  but  to  make 
as  detailed  a  study  as  possible  of  its  thickness  and  extent  in  order 
to  learn  just  how  far  it  maintains  a  workable  thickness,  how  per- 
sistently it  maintains  a  given  thickness,  and  whether  it  is  likely  to 
vary  greatly  from  point  to  point  and  also  to  determine,  so  far  as  he 
can,  any  or  all  of  its  features.    Space  does  not  permit  the  detailed  de- 
scription here  of  all  the  possible  irregularities  that  may  occur  in  a  ooal 
bed,  for  which  the  field  geologist  must  be  on  the  lookout. 

In  some  fields  the  coal  beds  are  exposed  in  cliffs  or  steep  slopes  in 
such  a  way  that  the  coal  may  be  seen  almost  continuously  for  many 
miles.  In  such  places  the  geologist  take^the  opportunity  to  make 
«  careful  study  of  the  regularity  or  irregularity  of  the  coal  beds  with 
reference  both  to  their  thickness  and  to  the  variability  or  regularity 
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in  thickness  and  in  character  of  the  intervening  rocks  and  of  the 
spaces  between  the  beds.  In  regions  in  which  the  beds  are  not  well 
exposed  it  may  be  possible,  from  a  knowledge  of  the  position  of  a 
bed  with  reference  to  other  rocks  which  show  on  the  surface,  to 
determine  exactly  the  position  of  the  particular  coal  under  considera- 
tion and,  by  means  of  a  very  small  amount  of  digging,  to  expose  the 
bed  so  that  its  thickness  and  partings  can  be  measured.  In  some 
coal  fields  hundreds  of  such  openings  have  been  made  in  the  study 
of  the  bed.  In  other  fields  the  beds  occur  in  rocks  that  weather  down 
to  soils  rapidly,  and  it  may  be  only  where  a  coal  bed  crosses  a  stream 
or  is  otherwise  exposed  that  it«can  be  located  or  seen.  It  may  be 
difiicult  to  trace  such  a  bed  from  point  to  point,  and  in  some  places 
where  exposures  are  several  miles  apart  it  may  be  difficult  or  impos- 
sible to  determine  exactly  its  position.  In  other  places  beds  may  be 
traced  readily,  but  the  fact  that  they  have  been  burned  continuously 
along  their  outcrops  makes  it  difficult  to  get  accurate  information 
concerning  their  character  and  thickness.  It  is  of  course  possible  to 
map  the  position  of  the  coal  bed  in  such  places  and  it  is  then  neces- 
sary, from  such  information  as  can  be  obtained  concerning  the  thick- 
ness and  character  of  the  coal,  to  infer  its  character  at  points  between 
these  places.  It  is  especially  in  such  areas  that  a  general  knowledge 
of  the  "  habits  "  of  the  bed  or  group  of  beds  assists  in  their  classifica- 
tion, for  if  it  is  known  that  a  particular  bed,  whose  burned  outcrop 
has  been  traced  with  detailed  measurements  perhaps  at  only  one  or 
two  places  in  a  township,  occurs  at  a  certain  horizon  in  a  certain 
formation,  it  is  possible  to  surmise  whether  it  is  regular  or  irregu- 
lar in  the  broad  area  between  these  exposures,  where  no  information 
on  the  bed  itself  can  be  obtained.  Again,  it  may  be  possible,  by  mak- 
ing a  careful  study  of  a  coal  in  a  mining  region,  to  apply  the  infor- 
mation to  a  wide  area  where  but  scanty  information  on  the  coal 
itself  can  be  obtained.  Wherever  the  coal  is  exposed  the  field  man 
makes  careful  examination  and  measurement  of  every  possible  sec- 
tion, measuring  down  to  the  fraction  of  an  inch,  even  though,  where 
the  bed  is  irregular,  it  is  recognized  that  another  measurement  made 
a  short  distance  away  may  be  quite  different.  Where  a  bed  is  irregu- 
lar special  effort  is  made  to  obtain  as  many  measurements  as 
possible,  in  order  to  obtain  average  figures  for  use  in  the  classification 
and  valuation  of  the  land  underlain  by  that  bed.  In  some  places 
where  the  data  are  very  meager,  as  in  regions  where  the  rocks  crum- 
ble to  soil  and  the  land  is  largely  meadow  land,  considerable  time 
has  been  given  to  making  openings  on  the  coal  because  of  the  neces- 
sity of  having  actual  information  and  measurements  as  a  basis  for 
classification. 
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ATmujm  Atm  dbpth  of  thb  ooAZi. 

As  already  stated,  the  coal  throughout  wide  areas  lies  entirely 
below  the  level  of  drainage — in  places  hundreds  or  even  thousands 
of  feet  below — and  the  outcrops  of  the  particular  coal  beds  on  which 
land  is  classified  as  coal  land  may  be  scores  of  miles  away.  It  there- 
fore becomes  necessary  for  the  field  man  to  determine  as  accurately 
as  possible  not  only  the  position  of  the  coal  outcrop  with  reference 
to  the  land  lines  and  the  thickness  of  the  coal  as  exposed  along  the 
outcrop  or  the  extent  of  the  lenses,  but  also  the  depth  of  the  bed 
beneath  the  surface  and  its  attitude  as  it  dips  into  the  basin.  He 
does  this,  first,  by  studying  the  inclination  of  the  coal  beds  where 
they  dip  into  the  ground  and,  next,  by  studying  the  inclination  and 
thickness  of  the  other  rocks  that  overlie  them.  As  coal  beds  lie 
more  or  less  nearly  parallel  with  layers  of  sandstone,  shale,  and 
limestone,  one  of  his  duties  is  to  determine  how  nearly  the  coal  beds 
are  parallel  with  these  other  rock  layers.  If  he  finds  by  observation 
at  many  points  that  there  is  very  little  variation  in  the  interval,  say 
300  feet,  between  a  limestone  bed  above  and  the  coal  bed  that  he  is 
studying,  he  may  assume  that  the  dip  of  that  limestone  bed  measured 
possibly  at  a  point  a  mile  back  from  the  outcrop  of  the  coal  indi- 
cates the  dip  of  the  coal  beneath  that  point  at  a  level  300  feet  below 
the  surface.  If,  again,  he  finds  that  sc»ne  other  rock  bed  a  thousand 
feet  above  the  coal  bed  is  parallel  to  it,  he  may  assume  that  a  measure- 
ment of  the  dip  of  that  bed  taken  5  or  10  miles  back  from  the  coal 
outcrop  may  indicate  rather  closely  the  dip  of  the  coal  bed  itself 
1,000  feet  below.  Hence  the  field  geologist  must  not  only  study  the 
details  of  the  coal  bed  along  its  outcrop,  but  must  also  study  the 
geology  of  the  area  back  of  that  outcrop,  especially  with  reference 
to  the  dip  of  the  rocks.  If,  as  sometimes  happens,  he  finds  that 
the  space  between  a  coal  bed  and  the  overlying  rocks  is  variable,  he 
can  not  compute  the  depth  of  the  coal  bed  so  closely.  In  some  places  all 
the  rocks  associated  with  certain  coal  beds,  having  the  same  great  folds 
and  basins,  have  been  overspread  by  a  blanket  of  other  rocks  that 
do  not  have  the  same  structure.  Such  a  blanket  may  completely  hide 
not  only  the  coal-bearing  formation  but  the  other  formations  that  are 
associated  with  it  and  that  have  been  folded  in  the  same  way.  In 
such  places  it  is  only  possible  to  infer  from  broad  general  knowledge 
of  the  field  how  deep  the  coals  may  lie  below  the  surface. 

QVAXJSPT  OF  TBS  OOAJk 

The  character  and  quality  of  a  coal  can  be  determined  in  part  by 
a  simple  examination  of  the  coal  bed.  Thus  it  is  possible  in  most 
examinations  to^  determine  whether  a  coal  is  a  lignite,  a  subbitumi- 
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nous,  a  bituminous,  a  cannel,  or  an  anthracite  coal.  It  may  also 
be  possible  to  estimate  rather  closely  whether  or  not  a  coal  contain^) 
a  large  amount  of  ash.  Where  small  mines  or  prospects  have  been 
opened  it  may  be  possible,  by  studying  the  coal  on  the  dump,  to 
determine  whether  the  coal  can  be  shipped  or  stocked,  or  the  extent 
to  which  it  tends  to  crumble  under  the  action  of  the  atmosphere. 

The  final  tests,  however,  are  the  chemical  test,  consisting  of  an 
analysis  of  the  coal,  which  shows  fully  its  percentage  of  the  various 
heat-giving  elements  and  of  the  ash  and  other  elements  that  do  not 
yield  heat  but  detract  from  its  value,  and  the  test  of  its  heat-giving 
value  in  the  calorimeter.  Experience  has  shown  that  coal  of  certain 
kinds — especially  low-grade  coal — changes  in  chemical  composition 
very  rapidly  when  exposed  to  the  weather,  so  that  in  getting  samples 
for  analysis  it  has  been  foimd  necessary,  in  order  that  the  samples 
may  be  fairly  compared  and  may  form  the  basis  of  a  uniform  system 
of  classification  and  valuation,  that  they  be  taken  with  great  care 
in  a  uniform  manner  and  that  the  treatment  of  each  sample  from 
the  time  it  is  taken  until  it  is  analyzed  shall  follow  certain  standards. 
To  this  end  certain  regulations  have  been  prepared  in  regard  to  the 
method  of  obtaining  coal  samples  for  analysis  and  are  consistently 
enforced.    These  regulations  in  brief  are  as  follows : 

1.  Select  a  fresh  face  of  nnweathered  coal  at  the  point  where  the  sample  Is 
to  be  obtained  and  clean  It  of  all  powder  stains  and  other  Impurities. 

2.  Spread  a  piece  of  oilcloth  or  rubber  cloth  on  the  floor  so  as  to  catch  the 
particles  of  coal  as  they  are  cut  and  to  keep  out  Impurities  and  excessive  mois- 
ture where  the  floor  Is  wet.  Such  a  cloth  should  be  about  1)  by  2  yards  in  size 
and  should  be  so  spread  as  to  catch  all  the  material  composing  the  sample. 

3.  Cut  a  channel  perpendicularly  across  the  face  of  the  coal  bed  from  roof  to 
floor,  with  the  exceptions  noted  In  paragraph  4,  of  such  size  as  to  3rleld  at  least 
6  pounds  of  coal  per  foot  of  thickness  of  coal  bed ;  that  is,  6  pounds  for  a  bed  1 
foot  thick,  12  pounds  for  a  bed  2  feet  thick,  24  pounds  for  a  bed  4  feet  thick,  etc. 

4.  All  material  encountered  In  such  a  cut  should  be  Included  in  the  sample, 
except  partings  or  binders  more  than  three-eighths  Inch  in  thickness  and  lenses 
or  concretions  of  "sulphur"  or  other  impurities  greater  than  2  iuches  in 
maximum  diameter  and  one-half  Inch  in  thickness. 

5.  If  the  sample  Is  wet,  It  should  be  taken  out  of  the  mine  and  dried  until 
all  sensible  moisture  has  been  driven  ofT. 

6.  If  the  coal  Is  not  visibly  moist  It  should  be  pulverized  and  quartered  down 
inside  the  mine  to  avoid  changes  In  moisture,  which  take  place  rapidly  when 
fine  coal  Is  exposed  to  different  atmospheric  conditions.  The  coal  should  be  pul- 
verized until  it  win  pass  through  a  sieve  with  one-half  inch  mesh,  and  then,  after 
thorough  mixing,  It  should  be  divided  into  quarters  and  opposite  quarters  re- 
jected. The  operation  of  mixing  and  quartering  should  be  repeated  until  a 
sample  of  the  desired  size  is  obtained.  When  the  work  has  been  proi)erly  done 
a  quart  sample  is  sufficient  to  send  for  chemical  analysis.  This  sample  should 
be  sealed  In  either  a  glass  Jar  or  a  screw-top  can  with  adhesive  tape  over  tho 
Joint  and  sent  to  the  chemical  laboratory  for  analysis. 
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Since  the  value  of  the  land  varies  with  the  quality  of  the  coal  as 
determined  by  the  chemist,  his  methods  are  briefly  described  here.^ 
Immediately  after  the  sample  is  received  at  the  laboratory  it  is 
weighed  and  placed  in  a  shallow  tin  pan  in  a  large  drying  oven,  in 
which  a  temperature  of  30^  to  35°  C.  is  maintained.  The  sample 
remains  exposed  to  currents  of  warm  air  in  the  oven  until  the  loss 
between  two  successive  weighings  made  six  to  eight  hours  apart  does 
not  vary  more  than  0.2  per  cent.  The  loss  of  weight  in  the  oven  is 
called  air-drying  loss. 

After  being  air  dried  the  sample  is  crushed  to  a  fine  powder  and 
thoroughly  mixed.  To  determine  the  amount  of  moisture  remaining 
in  the  coal  after  air  drying,  a  1-gram  sample  is  heated  for  an  hour 
at  105^  C.  and  then  cooled  in  a  desiccator  over  sulphuric  acid.  The 
moisture  in  the  sample  is  thus  driven  off,  hence  the  percentage  of 
loss  represents  the  pei'centage  of  moisture  in  the  coal.  The  remain- 
ing part  of  the  sample  is  next  used  to  determine  the  amount  of  ash 
in  the  coal.  This  determination  is  made  by  slowly  heating  the 
sample  in  a  muffle  furnace  until  all  of  the  combustible  matter  is 
burned  off.  The  remainder  is  ash.  The  volatile  matter  is  deter- 
mined from  a  fresh  1-gram  sample  in  a  30-gram  platinum  crucible, 
with  a  close-fitting  cover,  heated  for  seven  minutes  over  a  Bunsen 
fiame  20  centimeters  high.  The  loss  in  weight  minus  the  moisture  at 
105°  C.  is  the  weight  of  the  volatile  combustible  matter.  The  sulphur 
is  determined  on  a  separate  example  by  what  is  known  as  the  Eschka 
method.  The  percentage  of  fixed  carbon  given  in  the  analysis  is  the 
difference  between  100  per  cent  and  the  sum  of  moisture,  volatile 
combustible  matter,  and  ash. 

The  calorific  value  of  a  coal,  or  the  amount  of  heat  that  can  be 
obtained  from  it,  is  the  most  important  factor  in  classification  and 
valuation. 

The  calorific  value  of  coal  is  determined  with  a  bomb  calorimeter. 
The  following  is  a  brief  description  of  the  details  of  operation : 

A  1-gram  sample  of  coal  (60-mesh)  in  a  platinum  tray  is  placed 
in  the  bomb  and  the  lid  is  screwed  down  tightly  against  a  lead 
gasket.  Oxygen  is  forced  into  the  bomb  until  the  pressure  is  18  to 
20  atmospheres.  The  bomb,  filled  with  oxygen,  is  placed  in  a  brass 
bucket  containing  distilled  water,  the  bucket  having  been  previously 
placed  in  an  insulated  jacket. 

The  coal  is  ignited  by  electric  current  and  is  burned  at  once.  The 
heat  of  combustion  is  transmitted  through  the  walls  of  the  bomb  and 
is  manifested  in  a  rise  in  the  temperature  of  the  water.  This  rise 
in  temperature  is  measured  by  a  very  delicate  thermometer.    The 

^The  methods  of  analytlng  coal  and  coke  are  fnlly  described  In  Technical  Paper  No.  8, 
Bureau  of  Mines,  by  Frederick  M.  Stanton  and  Amo  C.  Fleldner.  The  method  outlined 
hers  Is  samoiartsed  from  that  paper. 
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quantity  of  heat  given  off  by  the  burning  of  the  coal  is  determined 
by  multiplying  the  product  of  the  weights  of  the  metal  and  water 
in  the  apparatus  and  their  respective  specific  heats  by  the  rise  in 
temperature.  The  result  thus  obtained  is  calculated  into  terms  of 
calories  and  British  thermal  units. 

PREPARATIOK  OF  MATERIAL. 

The  preparation  of  material  by  the  field  man,  so  that  it  may  be 
considered  to  the  best  advantage  in  the  work  of  classification  and 
valuation,  has  already  been  considered  in  the  chapter  entitled  "  Prepa- 
ration of  data  for  classification/'  immediately  preceding  the  discus- 
sion of  the  classification  of  coal  lands. 

PROCEDURE  IN  CLASSIFICATION  AND  VALUATION. 

In  the  actual  work  of  classification  of  coal  lands  each  area  under 
consideration  must  be  treated  individually,  yet  in  general  a  definite 
line  of  procedure  is  followed. 

The  first  step  is  to  assemble  all  the  available  data,  including  not  only 
the  maps  and  reports  of  the  geologists  who  may  have  made  a  special 
examination  of  the  field,  but  the  reports  of  any  special  agents  of  the 
Land  Office  who  have  been  in  that  field,  as  well  as  all  reports  of 
geologists  who  may  have  visited  the  field  at  some  earlier  time  (prob- 
ably for  some  other  purpose)  and  all  other  available  information 
concerning  the  land  or  the  coal  it  may  contain.  The  land-classifica- 
tion board  has  a  system  of  graphic  records  which  show  at  once  the 
existence  of  any  reports  on  the  field  and  give  references  to  them,  so 
that  when  the  case  is  taken  up  all  the  data  available  are  at  hand.  As 
a  matter  of  fact  the  field  man  will  usually  have  familiarized  himself 
with  all  these  earlier  data  and  will  be  prepared  to  present  them  as 
may  be  necessary. 

The  second  step  is  to  scrutinize  carefully  all  these  data,  and  by  their 
aid  to  take  the  action  or  to  obtain  the  information  listed  under  the 
following  heads : 

1.  The  number,  names,  character,  and  other  features  of  the  coal- 
bearing  formations  are  determined.  As  most  of  these  formations 
extend  over  large  areas,  some  of  them  crossing  several  States,  a  gen- 
eral knowledge  of  the  formations  at  once  suggests  the  probable  con- 
ditions to  be  found  in  the  field  studied,  and  that  general  knowledge 
may  strongly  affect  the  action  to  be  taken  in  classification  and 
valuation. 

2.  The  number  of  coal  horizons  or  groups  of  horizons  is 
ascertained. 

3.  The  thickness  of  each  coal  bed  over  the  field  is  determined,  if 
it  can  be  traced.    If  each  bed  can  not  be  traced  the  group  of  coab 
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is  studied  as  a  whole  to  determine  from  point  to  point  the  number 
of  beds  and  their  aggregate  thickness  and  value. 

4.  The  basing  value  per  ton  of  the  coal  is  computed  by  comparing 
its  analyses  and  its  obvious  character  with  the  standard  scale.  An 
average  B.  t.  u.  value  having  been  fixed  for  the  coals  of  the  field 
or  for  the  different  groups  of  coals,  the  other  qualities  of  the  coal — 
such  as  its  adaptability  to  coking  or  to  stocking — are  studied  to  de- 
termine whether  they  enhance  that  value  or  detract  from  it,  and  the 
price  is  raised  or  lowered  accordingly, 

5.  If  the  field  is  small  and  the  data  are  scattered  the  field  may  be 
studied  as  a  unit.  If  the  data  are  abundant  in  any  township  the 
coals  in  that  township  are  studied  by  themselves,  and,  exceptionally, 
the  variation  in  thickness  may  make  it  necessary  to  divide  a  town- 
ship into  belts  or  areas,  in  each  of  which  a  basing  value  of  th^ 
groups  is  determined. 

6.  All  sections  of  the  coal  are  examined,  and  if  the  coal  beds  are 
split  the  equivalent  thickness  of  a  solid  bed  is  computed  and  a  memo- 
randum of  the  results  is  placed  beside  the  drawn  section.  Then 
further  reduction  is  made  for  the  reduced  value  of  the  bed,  if  it  is 
less  than  6  or  more  than  10  feet  thick.  If  a  bed  is  variable  in  thick- 
ness but  varies  so  regularly  that  lines  of  equal  thickness  can  be  drawn 
on  a  map  of  the  field  these  lines  are  so  redrawn  as  to  indicate  the 
reduced  thickness  determined  by  allowance  for  their  reduced  value 
if  the  thickness  is  less  than  6  or  more  than  10  feet.  If  the  beds  are 
of  irregular  thickness  the  average  of  the  measurements  taken  is  ob- 
tained, and  by  the  use  of  the  "  modulus  of  irregularity ''  a  computed 
average  thickness  is  obtained  for  use  in  valuation. 

7.  The  outcrops  of  the  coals  are  examined  to  determine  which  are 
workable  coals  and  especially  to  make  note  of  the  outcrop  of  the 
lowest  bed  or  the  bed  covering  the  largest  area.  Where  the  coal  lies 
in  one  or  more  lenses  a  computation  of  its  gradation  in  thickness  is 
made  between  points  at  one  of  which  the  coal  is  below  the  minimum 
thickness  and  at  the  other  is  above,  to  determine  the  position  of  the 
minimum.  The  limits  of  workable  coal  having  been  determined  for 
certain  points,  the  limits  of  the  lenses  of  the  coal  are  drawn  on  the 
maps.  For  isolated  measurements  at  points  where  the  bed  is  above 
the  minimum  limit  the  extent  and  character  of  the  several  lenses 
measured  are  determined,  special   formulas  being  applied  where 

possible. 

8.  If  the  coal  passes  below  the  depth  limit  of  workable  coal  the 
position  of  that  limit  is  determined  and  indicated  on  the  map. 

9.  The  limit  of  workable  coal  having  now  been  determined,  a  line 
is  drawn  on  a  plat  along  the  40-acre  lines,  or,  where  necessary,  along 
the  10,  5,  or  2^  acre  lines  in  the  forty,  to  separate  the  area  that  con- 
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Oil  and  gas  are  composed  for  the  most  part  of  carbon  and  hydro- 
gen, but  they  vary  greatly  in  the  proportions  of  these  elements  and 
in  the  way  in  which  they  are  combined.  The  petrolemn  oils  range 
from  low-grade  heavy  oils  containing  much  asphalt  to  high-grade 
light  oils  which  contain  a  large  percentage  of  paraffin  and  volatile 
constituents  and  little  or  no  asphalt.  The  heaviest  oil  is  chiefly  valu- 
able as  fuel,  for  which  it  is  used  in  its  crude  state.  Progressively 
lighter  oils  are  used  less  and  less  for  fuel  and  more  and  nlcMre  for  the 
other  products  that  are  obtained  from  them.  There  is  a  general 
opinion  that  weight  for  weight  the  fuel  value  of  light  and  heavy  oils 
is  about  equal,  but  because  of  the  value  of  the  distillates  from  the 
lighter  oils  it  may  be  stated  in  general  that  the  lighter  the  ail  the 
greater  its  value. 

In  classifying  lands  as  to  their  probable  content  of  oil  and  gas  it 
must  be  borne  in  mind  that  oil  and  gas  are  mobile  substances  and 
that,  owing  to  their  mobility  and  to  the  resulting  increased  impor- 
tance of  gravitation,  temperature,  hydrostatic  pressure,  and  capil- 
larity, it  is  necessary  to  make  certain  variations  from  the  type  of 
procedure  employed  in  classifying  lands  containing  coal,  phosphate, 
or  other  stable  minerals.  The  mobility  of  oil  and  gas  has,  in  many 
regions,  permitted  their  migration  through  varying  thicknesses  of 
pervious  strata  to  their  present  places  of  accumulation,  so  that  the 
problem  is  not  to  discover  where  the  hydrocarbons  originated  but 
rather  where  they  have  accumulated* 

The  present  position  of  these  accumulations  depends  mainly  on 
the  character  of  the  strata,  the  attitude  of  the  strata  (commonly 
spoken  of  as  the  rock  structure) ,  the  presence  or  absence  of  water,  and 
the  character  and  specific  gravity  of  the  oil.  The  fluid  hydrocarbons 
do  not,  as  is  supposed  by  some,  occupy  underground  lakes  or  reser- 
voirs surrounded  by  walls  of  rock.  Instead  they  saturate  porous 
rocks  in  places  where  the  geologic  structure,  the  conditions  with 
regard  to  underground  water,  and  the  succession  of  strata  are  such 
that  the  accumulations  are  sealed  by  relatively  impervious  beds. 
Thus,  although  the  accumulations  of  oil  or  gas  are  called  ^^  pools," 
they  are  not  to  be  confused  with  such,  pools  as  are»  formed  by  the 
collection  of  liquids  upon  the  surface  of  the  ground.  The  porous 
stratum  in  which  the  hydrocarbon  collects  is  often  spoken  of  as  an 
oil  or  gas  "  sand,"  although  it  may  in  reality  be  sandstone,  gravel, 
limestone,  or  a  zone  of  fractured  rock.  Into  this  "  sand  "  the  hydro- 
carbon comes  from'  one  or  another^  source,  but  if  there  is  to  be  an 
accumulation  of  importance  the  migration  of  the  oil  or  gas  along 
this  pervious  bed  must  be  stopped  by  a  change  in  dip  or  by  some 
other  obstacle  to  continued  progress,  and,  in  addition,  the  reservoir 
thus  formed  must  be  sealed  by  strata  that  are  relatively  impervious, 
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such  as  compact  shales,  days,  or  fine-grained  sandy  beds  saturated 
with  water. 

The  accumulations  within  the  United  States  may  be  divided 
roughly  into  three  classes,  as  indicated  below. 

1.  Those  occurring  in  strata  of  sandstone  or  limestone  bounded 
above  and  below  by  rocks  comparatively  impervious  to  oil.  The 
sandstone  or  limestone  may  be  of  broad  or  of  very  narrow  extent, 
in  some  places  comprising  merely  small  lenses  of  porous  material 
embedded  in  relatively  impervious  rocks,  in  others  underlying  hun- 
dreds of  square  miles  of  territory  in  comparatively  regular  beds. 
To  this  class  belong  the  greater  number  of  oil  accumulations  of  this 
country. 

2.  Those  occurring  in  porous  strata,  apparently  l^xticular,  asso- 
ciated with  the  "  salt  domes  "  of  the  Gulf  Cioastal  Plain. 

3.  Those  occurring  in  fissures  in  shale,  as  in  the  Florence  field  of 
Colorado.  The  fracturing  of  other  rocks,  such  as  limestone  and 
sandstone,  affords  favorable  conditions  for  the  accumulation  of  oil; 
but  sandstcme  and,  under  certain  conditions,  limestone  are  capable 
of  storing  oil  without  fracturing,  the  fracturing  merely  increasing 
their  capacity.  A  fine-grained  shale,  on  the  contrary,  although 
capable  of  containing  oil,  does  not  permit  its  migration  through  the 
rock  mass  with  sufficient  rapidity  for  collection  in  wells  unless  the 
shale  is  broken  by  fissures,  which  serve  as  channels  or  reservoirs  for 
the  slowly  migrating  oil. 

It  may  be  stated  as  a  fundamental  principle  that  important  accu-- 
mulations  of  petroleum  and  natural  gas  are  to  be  found  only  in 
stratified  or  sedimentary  rocks.  Regions  in  which  the  strata  have 
been  greatly  disturbed  or  altered  by  intrusions  of  igneous  rock  are, 
as  a  rule,  unfavorable  to  the  accumulation  of  petroleum,  because  the 
attendant  heat  and  fracturing  would  as  a  rule  have  had  disastrous 

effects  on  volatile  substances  of  this  character.  An  interesting  appar- 
ent exception  has  been  noted  in  Ventura  County,  Cal.,  where  oil  to  the 
extent  of  6  or'6  barrels  a  day  has  been  obtained  from  wells  drilled 
in  close-textured  crystalline  schist.  Although  the  schist  is  underlain 
by  granite,  it  is  overlain  at  a  distance  of  only  a  few  hundred  feet 
from  the  wells  by  Tertiary  rocks  which  in  the  same  general  region 
are  petroleum  bearing.  These  relations  suggest  that  the  presence  of 
the  oil  in  the  schist  is  due  to  infiltration  from  the  Tertiary  sediments 
through  fractured  zones  rather  than  to  origin  in  the  sediments  that 
were  metamorphosed  to  form  the  schist. 

In  general,  then,  oil  is  found  in  sedimentary  strata  of  greater  or 
less  extent  and  regularity.  These  strata  were  originally  deposited 
by  water  in  the  ocean,  in  fresh-water  lakes,  or  on  great  deltas  prac- 
tically at  sea  level.    The  beds  were  therefore  horizontal,  or  nearly 
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horizontal,  as  first  laid  down,  and  where  a  series  of  beds  was  de- 
posited one  above  another,  there  being  no  earth  moyement  during 
the  deposition,  the  several  beds  were  parallel.  After  the  beds  of 
sand,  mud,  and  marl  were  deposited  and  hardened  into  the  resulting 
sandstone,  shale,  and  limestone,  they  were  in  certain  areas  bent  by 
earth  movements  into  folds  of  various  shapes,  and  it  is  about  these 
folds  that  the  accumulations  of  oil  are  found.  The  attitude  in  which 
the  rocks  lie,  the  shape  of  the  folds,  and  the  presence  of  faults  or 
breaks  in  the  strata  constitute  the  rock  structure. 

In  any  consideration  of  the  factors  which  control  the  accumula- 
tion of  oil  or  gas  the  importance  of  the  part  played  by  the  structure 
can  hardly  be  overestimated.  The  fluid  contents  of  porous  beds  obey 
the  laws  of  gravitation  and  capillarity,  separating  and  distributing 
themselves  in  the  main  in  accordance  with  their  specific  gravities. 
If  water,  petroleum,  and  gas  are,  as  is  usual,  present  in  petroliferous 
beds,  the  gas  would  as  much  as  possible  disengage  itself  from  the 
fluid  and  rise  to  the  highest  point  in  the  fold,  while  the  water  would 
endeavor  to  displace  the  petroleum  and  find  a  resting  place  as  low 
down  as  possible.  If  the  bed  of  rock  is  inclined  and  the  water  is 
under  artesian  pressure,  it  will  be  forced  upward  along  the  bed,  the 
oil  remaining  above  the  water  because  of  the  difference  in  specific 
gravity.  If  the  porous  bed  is  continuous  in  dip  to. the  outcrop,  the 
gas  and  oil  are  likely  to  exhaust  themselves  at  the  outcrop  in  the 
form  of  seeps.  If,  however,  the  progress  of  the  hydrocarbons  up 
the  dip  is  stopped  by  a  fold  in  the  bed,  or  by  a  fault  which  seals  in- 
stead of  opening  the  stratum,  or  by  saturation  of  the  bed  with  water, 
an  accumulation  takes  place,  the  oil  and  gas  remaining  between  the 
water  down  the  dip  and  whatever  has  impeded  their  progress  up  the 
dip.  This  theory,  which  is  known  as  the  anticlinal  theory,  is  in  some 
form  now  accepted  by  practically  all  geologists,  not  as  indicating 
absolutely  the  limitations  of  the  occurrence  of  oil  and  gas  but  as  ex- 
pressing the  general  relations  of  their  occurrence  to  ^ologic  struc- 
ture, subject  to  various  modifying  conditions.  Other  factors  less  well 
understood  enter  into  the  problem,  such  as  the  difference  in  the  capil- 
lary attraction  exerted  between  water  and  the  rock  particles  and  be- 
tween oil  and  the  rock  particles  and  the  differences  in  friction  experi- 
enced by  the  two  fluids  in  passing  through  the  rock.  There  is  much 
to  be  learned  concerning  the  whole  problem,  but  enough  is  known  to 
make  the  study  of  any  oil  field  of  economic  as  well  as  scientific  value. 

If  the  rock  containing  the  oil  does  not  also  carry  water  there  is  no 
force  to  impel  the  oil  into  the  upfold  or  anticline.  On  the  contrary, 
gravity  tends  to  pull  it  downward  and  it  collects  in  the  adjoining 
downf old  or  syncline.  This  condition  is  found  in  some  of  the  Penn- 
sylvania fields. 
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Where  the  migratioii  of  oil  is  due  to  the  pressure  of  dissolved  or 
occluded  gas  in  the  absence  of  water  saturation  the  oil  will  move  in 
all  directions  until  it  i?  stopped  by  some  impervious  stratum,  where 
accumulation  takes  place  in  apparent  disregard  of  structure. 

The  simplest  structure  favorable  to  the  accumulation  of  oil  and  gas 
is  that  of  a  symmetrical  anticline  having  little  or  no  pitch  of  the  axis 
and  moderately  dipping  flanks.  If  the  requisite  condition  of  porous 
oil-bearing  rock  adequately  sealed  by  impervious  beds  is  fulfilled  and 
the  strata  are  impregnated  with  water  under  moderate  hydrostatic 
pressure,  the  hydrocarbons  will,  under  ideal  conditions,  segregate  in 
the  axis  of  the  fold  and  extend  down  the  flanks  a  distance  dependent 
on  the  quantity  present  Farther  down  the  flanks  and  in  the  troughs 
of  the  corresponding  sjmclines  water  will  as  a  rule  be  found.  It  is 
evident  that,  other  things  being  equal,  the  extent  of  the  productive 
area  controlled  by  anticlinal  structure  is  greater  where  the  fold  is 
broad  and  the  dip  of  the  strata  on  the  flanks  relatively  low  than  where 
the  fold  is  narrow  and  has  steep  flanks,  for  in  the  former  case  the 
gathering  ground  for  oil  and  gas  is  much  greater  than  in  the  latter. 
From  the  simple  symmetrical  anticline  there  are  gradations  on  the 
one  hand  into  domes  pitching  away  from  a  central  point  and  on  the 
other  hand  through  unsymmetrical  folds  to  an  extreme  type  in  which 
one  flank  is  vertical  or  overturned.  In  every  symmetrical  fold  the 
boundary  between  an  oil  pool  lying  at  the  top  of  a  fold  and  extending 
part  way  down  the  sides  of  the  fold  and  the  water  saturating  the 
rocks  farther  down  is  an  approximately  horizontal  line,  because  as 
long  as  the  fold  is  regular  the  water  tends  to  rise  to  the  same  level 
all  along  it.  If,  however,  there  are  minor  irregularities  on  the 
sides  of  the  fold  these  have  their  effect  on  the  distribution  of  the  oil, 
making  the  margin  of  the  pool  irregular  or  causing  small  poob  to 
collect  along  the  slope. 

Structural  features  of  other  types  are  under  certain  conditions 
favorable  for  the  accumulation  of  petroleum  and  natural  gas.  Among 
these  may  be  mentioned  monoclines,  which  present  conditions  favor- 
able for  the  concentration  of  oil  wherever  there  is  a  change  in  the  rate 
of  dip  or  an  abrupt  change  in  the  strike  of  the  rocks,  shallow  syn- 
clines  where  water  is  absent  from  the  oil-bearing  zone,  and  synclines 
where  the  oil  and  water  are  of  nearly  the  same  gravity.  Unconformi- 
ties where  steeply  dipping  petroliferous  strata  are  overlain  by  rela- 
tively impervious  horizontal  or  nearly  horizontal  beds  are  also  favor- 
able. Faults  are  usually  considered  wholly  unfavorable  to  the  accu- 
mulation of  oil  and  gas,  and  for  areas  where  the  dislocations  are  many 
and  extensive  this  view  is  undoubtedly  correct.  However,  in  many 
places  faults  have  quite  the  contrary  effect.  For  instance,  strike 
faults  may  cause  a  greater  concentration  of  petroleum  toward  the 
crest  of  a  fold^  and  dip  faults  in  a  series  where  there  9re  many  oil 
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sands  may  bring  about  communication  between  the  different  sands 
and  have  a  notable  effect  on  local  producti<xi.  In  a  series  of  uni- 
formly dipping  beds  an  oil  sand  which  would  normally  crop  out  at 
the  surface  may  be  cut  off  by  a  strike  fault  and  sealed  beneath  imper- 
vious beds  and  thus  retain  oil  which  would  otherwise  migrate  to  the 
surface  and  be  dispelled.  Moreover,  faulting  may  produce  fractured 
zones  along  which  the  oil  or  gas  can  migrate  and  in  which  it  may 
collect  In  a  number  of  localities,  as  in  some  of  the  fields  in  Mexico, 
where  intrusive  dikes  have  pieroed  oil-bearing  strata  and  conse- 
quently arrested  the  movement  of  the  oil  in  certain  directions,  the 
petroleum  has  accumulated  in  apparent  disregard  of  the  structural 
features  of  the  sedimentary  series. 

In  many  fields  there  is  little  or  nothing  at  the  surface  to  indicate 
the  presence  of  valuable  hydrocarbons  below,  but  in  many  other  fields 
there  is  ample  indication  of  oil  at  the  surface.  The  oil-bearing 
stratum  itself  may  crop  out  and  the  oil  ooze  from  it,  giving  to  the 
rock  a  dark,  greasy  appearance  and  the  odor  of  petroleum,  or  the  oil 
may  find  its  way  to  the  surface  from  the  oil  pool  below  through 
some  fracture  of  the  overlying  rock.  Water  charged  with  various 
salts  or  with  sulphur  may  rise  with  the  oil,  so  that  a  spring  is  formed, 
the  oil  floating  as  a  brown  scum  on  the  surface  of  the  water  or  in 
smaller  quantity  producing  the  brilliant  iridescent  sheen  character- 
istic of  petroleum*  Gas  may  find  its  way  to  the  surface  and  appear 
in  ^^  gas  springs  "  or  under  certain  conditions  may  produce  the  phe- 
nomenon of  mud  volcanoes.  The  place  at  which  oil  has  come  to  the 
surface  and  evaporated  through  long  periods  of  time  may  be  marked 
by  a  deposit  of  asphaltum«  In  certain  localities  oil-bearing  shales 
have  been  burnt  to  a  pink  or  deep  brick-red  color  or  altered  to  a 
hard  vesicular  rock  resembling  scoriaceous  lava.  This  metamor- 
phism  is  due  to  the  burning  of  the  hydrocarbons  that  have  impreg- 
nated the  rock,  and  the  presence  of  such  rock  theref  oto  becomes  an 
important  surface  indication  of  petroleum. 

The  stratigraphic  occurrence  of  hydrocarbon  minerals  in  the  United 
States  is  by  no  means  limited;  on  the  contrary,  petroleum  in  the 
solid,  liquid,  or  gaseous  form  is  found  in  greater  or  less  quantity 
throughout  the  range  of  strata  from  the  Cambrian  to  the  younger 
members  of  the  Tertiary  series. 

In  general  the  commercially  important  accumulations  of  oil  through- 
out the  central  and  eastern  portions  of  the  United  States  are  found 
in  strata  belonging  to  the  Paleozoic  era.  In  the  great  Appalachian 
field,  which  extends  from  the  southern  portion  of  New  York  along 
the  western  slope  of  the  Alle^eny  Mountains  to  northern  Tennessee, 
the  accumulations  of  oil  occur  in  strata  ranging  in  age  from  early 
Devonian  to  late  Carboniferous.  In  Ohio  and  Indiana  petroleum  is 
derived  chiefly  from  rocks  of  Qrdovician  age,  and  in  Indiana  mainly 
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from  Carboniferous  strata.  In  the  Mid-Continent  field,  which  em- 
braces Missouri,  Kansas,  and  Oklahoma,  the  petroleum  has  accumu- 
lated in  rocks  of  the  Pennsylvanian  and  Permian  series.  In  the  Gulf 
field,  which  includes  the  Coastal  Plain  of  Louisiana  and  Texas,  the 
petroleum-yielding  rocks  are  Mesozoic  and  Cenozoic  in  age,  being 
assigned  in  part  to  Cretaceous  and  in  part  to  Tertiary  formations. 

In  the  Rocky  Mountain  fields  the  productive  formations  range  in 
age  from  late  Paleozoic  to  late  Mesozoic.  The  Wyoming  fields  pre- 
sent perhaps  the  greatest  range  of  occurrence,  yielding  oil  from  strata 
belonging  to  the  Carboniferous,  Triassic,  Jurassic,  and  Cretaceous 
systems.  The  Colorado  and  New  Mexico  fields  thus  far  developed 
obtain  their  oil  from  strata  included  entirely  within  the  Cretaceous, 
and  the  small  quantity  of  oil  produced  in  Utah  is  derived  from  rocks 
assigned  to  the  Carboniferous  system,  although  indications  of  oil  are 
found  at  certain  localities  in  the  Jurassic  and  Cretaceous  rocks. 

In  the  Pacific  coast  region  the  important  accumulations  of  oil  are 
found  chiefly  in  Cenozoic  rocks,  although  in  certain  fields  an  out- 
put of  local  importance  is  obtained  from  late  Mesozoic  rocks.  In 
Ventura  County,  Cal.,  the  principal  oil-yielding  formations  are 
classed  as  Tertiary  and  range  in  age  from  Miocene  to  Pliocene. 
Along  the  west  side  of  the  San  Joaquin  Valley  the  range  is  greater, 
the  oil  extending  downward  into  the  upper  members  of  the  Cretaceous 
system.  In  the  Kern  River  field,  on  the  east  side  of  the  San  Joaquin 
Valley  in  Kern  County,  oil  is  obtained  from  rocks  of  late  Miocene  or 
Pliocene  age.  In  Santa  Barbara  County  the  oil  is  derived  chiefly 
from  early  Miocene  rocks.  In  portions  of  Oregon  and  Washington 
small  amoulits  of  oil  and  gas  have  been  obtained  from  rocks  assigned 
to  the  Eocene  and  Miocene  series. 

Despite  this  wide  distribution  of  fluid  hydrocarbons  the  conclusion 
does  not  necessarily  follow  that  accumulations  of  asphaltum,  oil,  or 
natural  gas  may  be  found  in  any  area  of  sedimentary  rocks,  for  such 
accumulations  take  place  only  where  all  the  essential  conditions  gov- 
erning origin,  adequate  storage  facilities,  and  favorable  structure  are 
fulfilled. 

CLASSIFICATION  OF  OIL  AKD  GAS  LAXD8. 

The  immediate  purpose  of  the  classification  of  oil  and  gas  land 
is  to  withhold  from  entry  all  lands  containing  valuable  deposits  of 
fluid  hydrocarbons  pending  the  enactment  of  adequate  legislation 
providing  for  their  disposition.  The  ultimate  purpose  of  the  classi- 
fication is  to  determine  the  position  and  extent  of  the  areas  whose 
value  for  their  deposits  of  oil  or  gas,  whether  proved  by  actual 
drilling  or  indicated  by  favorable  geologic  conditions,  is  greater  than 
their  value  for  agriculture  or  other  purposes  and  to  provide  for  a 
disposition  of  the  deposits  in  accordance  with  this  greater  value. 
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Classifications  are  made  by  the  oil  section  of  the  land-classification 
board.  This  secticm  consists  of  three  geologists,  in  addition  to  the 
chief  of  the  board.  Each  classification  is  based  on  data  submitted 
by  a  field  geologist,  who  is  called  into  consultation  at  the  meeting 
at  which  his  data  are  considered.  Other  geologists  having  special 
knowledge  of  the  area  under  consideration  may  also  be  consulted. 
The  factors  observed  by  the  field  geologist  are  reviewed  in  detail,  and 
Lis  inferences  and  conclusions  are  subjected  to  the  severest  tests  of 
experience  and  theory.  Each  factor  which  can  be  conceived  as  having 
a  bearing  on  the  accumulation  and  present  distribution  of  oil  within 
the  area  under  discussion  is  carefully  considered  in  all  its  relations 
before  an  attempt  at  classification  is  made. 

The  record  data  submitted  by  the  field  geologists  consist  primarily 
of  a  map  or  maps  showing  the  facts  observed  in  the  field.  On  these 
maps  surface  contours  and  drainage  are  indicated  and  the  details  of 
the  areal  geology  of  the  region  are  clearly  shown.  The  position  of  aU 
petroleum  seepages  and  indicaticxis  is  recorded,  as  well  as  the  location, 
by  appropriate  legend  showing  the  results  obtained,  of  each  well 
drilled  within  the  area  examined.  All  determinations  of  dip  and 
strike  are  shown,  also  the  axial  lines  of  all  anticlines  and  synclines, 
with  the  direction  and  amount  of  pitch  of  each  fold.  The  location  of 
all  land  comers  found  is  likewise  noted,  in  order  that  the  classifica- 
tion may  conform  to  the  established  system  of  land  surveys.  Struc- 
ture sections  are  necessary  to  explain  complicated  structural  condi- 
tions and  indicate  the  relative  thicknesses  of  the  formations  and 
the  position  of  the  productive  zones.  Underground  structure  con- 
tours must  be  drawn  to  show  the  relative  position  of  the  principal 
oil-yielding  zones  above  or  below  sea  level,  in  order  that  the  approxi- 
mate depth  of  the  oil  zone  beneath  any  desired  point  in  the  field  may 
be  readily  determined  when  the  elevation  of  the  point  above  sea  level 
is  known.  In  a  field  where  considerable  development  work  has  been 
done  the  preparation  of  the  data  should  include  the  plotting  of  all 
available  well  records  and  the  correlation,  if  possible,  of  the  several 
oil-yielding  zones. 

The  principal  factors  considered  by  the  board  in  determining  the 
classification  of  an  area  are  the  stratigraphy,  the  structure,  the 
continuity  and  character  of  the  oil  sands,  the  quality  of  the  oil,  and 
the  presence  or  absence  of  water.  In  many  fields  the  productive 
sands  are  confined  to  a  single  geologic  unit,  the  formations  above  and 
below  being  uniformly  barren.  It  is  therefore  necessary  to  know  not 
only  the  number  and  relation  of  the  productive  zones  in  a  particular 
succession  of  strata  but  also  the  geologic  system  or  series  and,  if 
possible,  the  formation  or  group  to  which  these  zones  belong.  The 
assignment  of  productive  zones  to  a  definite  formation  or  group  out^ 
side  of  which  the  strata  are  known  to  be  barren  constitutes  an  im- 
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portant  step  in  the  classification,  the  productive  portions  of  the  field 
being  thus  limited  to  the  areas  underlain  by  the  petroliferous  units 
and  the  areas  not  so  underlain  being  at  once  disregarded  as  having  no 
prospective  value  for  oil. 

As  it  is  the  structure  of  the  petroliferous  strata  which  largely  de- 
termines the  place  of  accumulation  of  oil  and  gas,  it  is  apparent  that 
a  detailed  knowledge  of  the  structural  conditions  is  absolutely  essen- 
tial to  classification.  In  the  classification  of  areas  whose  structure 
is  anticlinal  all  lands  are  classified  as  oil  bearing  which  lie  along  the 
axes  of  the  anticlines  or  which  are  so  located  on  the  flanks  that  the 
oil  sand  underlies  them  within  an  arbitrarily  chosen  limit  of  depth. 
This  limit  may  be  the  depth  below  which  it  is  estimated  that  drilling 
can  not  be  profitably  carried  because  of  mechanical  difficulties,  or  it 
may  represent  the  distance  from  the  axis  beyond  which  it  is  consid- 
ered improbable  that  oil  or  gas  in  valuable  quantities  has  accumu- 
lated. In  monoclines  similar  considerations  limit  the  distance  down 
the  dip  to  which  classifications  as  oil  land  are  carried.  In  the  rarer 
synclinal  accumulations  the  width  of  the  zone  classified  as  oil  bear- 
ing depends  mainly  on  what  is  known  regarding  the  quantity  of  oil 
present. 

The  thickness  and  porosity  of  the  reservoir  rock  are  important  fac- 
tors to  be  considered  with  regard  to  the  production  and  life  of  the 
wells,  but  their  bearing  on  classification  is  subordinate,  for  classification 
is  concerned  with  the  boundaries  of  productive  areas  rather  than  with 
estimates  of  probable  production.  The  continuity  of  the  oil-bearing 
zone  is,  however,  an  important  factor  in  classification,  though,  un- 
fortunately, it  is  one  whose  exact  value  can  rarely  be  determined, 
because  of  the  difficulty  of  obtaining  adequate  data  on  the  subject. 
In  many  areas  of  Tertiary  rocks,  where  lateral  variations  in  litho- 
logic  character  within  short  distances  are  to  be  considered  the  rule 
and  not  the  exception,  changes  in  the  thickness  and  extent  of  the  oil- 
bearing  zones  must  be  expected,  and  although  field  examination  may 
show  the  general  trend  of  the  variations  in  a  certain  region,  local 
variations  can  seldom  be  predicted  in  advance  of  drilling.  A  factor 
of  uncertainty  is  thus  introduced,  which  may  now  and  then  result  in 
an  erroneous  conclusion  and  give  rise  not  only  to  adverse  criticism 
of  a  particular  classification  but  even  to  sweeping  and  unjust  con- 
demnation of  the  entire  method  of  procedure. 

The  quality  of  the  oil  obtained  in  a  given  field  is  considered  in  clas- 
fflfication  mainly  with  regard  to  its  bearing  on  distribution.  In 
general  the  greater  the  specific  gravity  of  the  oil  the  slower  will  be 
its  migration,  the  less  complete  its  separation  from  the  associated 
water,  and  the  lower  down  on  the  flanks  of  the  folds  its  resting  place; 
and,  conversely,  the  less  the  specific  gravity  the  more  rapid  the  rate 
of  migration,  the  more  complete  the  segregation,  and  the  higher  in 
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the  folds  the  ultimate  place  of  accumulation.  Experience  has  shown 
that  only  under  exceptional  conditions  may  considerable  accumula- 
tions of  light  paraiBn-base  oils  be  expected  in  monoclines,  although 
in  many  places  the  monoclinal  structure  lends  itself  to  the  accumu- 
lation of  heavy  asphaltum-base  oils. 

The  presence  or  absence  of  water  in  the  formations  of  an  oil-bear- 
ing region  is  a  factor  in  the  classification  only  as  it  affects  the  accu- 
mulation of  the  hydrocarbons,  determining  very  largely  their  relation 
to  the  structure,  as  already  explained.  Whether  or  not  it  is  present 
in  the  petroliferous  strata  must  be  known  before  a  satisfactory  classi- 
fication can  be  made. 

The  maximum  depth  at  which  accumulations  of  oil  or  gas  will 
warrant  the  classification  of  an  area  as  oil  land  is  a  matter  that  de- 
mands careful  consideration  for  each  field.  The  factors  that  deter- 
mine this  depth  limit  are  primarily  the  richness  and  the  ccMitinuity 
of  the  oil-bearing  zones,  secondary  consideration  being  given  to  the 
quality  of  the  oil,  present  market  conditions,  and  transportation 
facilities.  Thus  in  certain  areas  where  production  is  large  and  the 
oil-yielding  zones  are  believed  to  continue  productive  to  considerable 
depth,  lands  beneath  which  the  productive  zone  lies  at  a  computed 
depth  of  5,500  feet  have  been  classified  as  oil  lands.  On  the  other 
hand,  in  areas  where  the  geologic  conditions  preclude  a  large  accumu- 
lation of  oil  and  indicate  a  doubtful  continuity  of  the  oil-bearing 
zones,  depth  limits  as  low  as  3,000  feet  have  been  fixed.  That  quality, 
market,  and  transportation  facilities  should  receive  only  incidental 
consideration  becomes  e\ddent  when  it  is  realized  that  deposits  of 
low-grade  oils  that  can  not  now  be  commercially  exploited  may,  in  the 
not  distant  future,  as  a  result  of  improvements  in  methods  of  drillmg 
and  refining,  become  important  contributors  to  the  Nation's  fuel 
supply ;  that  the  use  of  oil  is  practically  just  beginning,  and  it  ap- 
pears certain  to  build  for  itself  a  market  far  greater  than  it  at 
present  commands ;  and  that  with  the  advance  of  settlement  or  the 
beginning  of  production  transportation  facilities  will  be  provided  for 
fields  now  remote  and  essentially  undeveloped.  To  many  persons  a 
maximum  depth  limit  of  5,500  feet  appears  excessive,  but  to  one 
who  has  acquainted  himself  with  the  rapid  progress  in  well-drilling 
methods  and  machinery  during  the  last  decade  this  limit  is*far  from 
unreasonable.  In  many  of  the  California  fields  wells  drilled  to 
depths  of  3,500  or  4,000  feet  are  by  no  means  uncommon,  and  in  for- 
eign countries  and  at  a  few  localities  in  the  United  States  wells 
more  than  5,000  feet  deep  have  been  drilled.  In  the  Kern  River  oil 
field,  California,  one  well  has  a  depth  of  5,135  feet ;  in  the  Midway 
field  of  the  same  State  a  well  whose  depth  is  slightly  more  than 
5,000  feet  is  reported ;  and  in  the  vicinity  of  Los  Angeles  a  well  was 
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recently  completed  at  a  depth  of  approximately  5,200  feet.  In  west- 
ern Pennsylvania  one  well  more  than  5,500  feet  in  depth  has  been 
drilled,  and  another,  not  yet  completed,  has  been  sunk  to  a  depth  of 
more  than  6,000  feet.  The  effect  of  a  few  more  years  of  improve- 
ment in  drilling  methods  on  the  development  of  deep-lying  oil  de- 
posits can  be  inferred  only  from  the  history  of  the  past,  but  in  land 
classification,  which  seeks  in  a  measure  to  foresee  and  provide  for 
future  conditions,  this  progress  can  not  be  ignored. 

When  a  conclusion  has  been  reached  by  the  board  as  to  the  portions 
of  the  field  presenting  conditions  favorable  for  oil  and  gas  accumu- 
lation, when  a  depth  limit  of  profitable  extraction  has  been  fixed, 
and  when  the  boundaries  of  the  favorable  and  unfavorable  areas 
have  been  determined  and  translated  into  terms  of  legal  subdivisions 
of  the  land  surveys,  withdrawal  or  restoration  orders  are  prepared 
and  forwarded  by  the  Director  to  the  Secretary  of  the  Interior  and 
the  President  for  final  action.  Two  general  types  of  withdrawals 
are  made — first,  preliminary  withdrawals,  based  on  more  or  less 
meager  information,  and,  second,  withdrawals  made  after  field  ex- 
amination. 

The  usual  type  of  oil-land  withdrawal  order,  based  on  field  ex- 
amination, closely  resembles  that  used  in  the  withdrawal  from  pub- 
lie  entry  of  lands  valuable  for  their  phosphate  content  An  example 
of  an  order  of  withdrawal  of  phosphate  lands  is  given  on  page  133. 
Two  special  petroleum  reserves  have  been  created  in  the  State  of 
California  in  order  to  retain  in  Government  control  bodies  of  oil- 
bearing  lands  containing  what  are  believed  to  be  sufficently  large  re- 
serves of  fuel  oil  to  provide  for  the  future  needs  of  the  United  States 
Navy.  An  example  of  an  order  creating  a  naval  petroleum  reserve 
is  appended. 

Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington,  August  8,  1912. 
The  honorable  the  Secbetart  of  the  Interior. 

Sir:  In  accordance  with  your  instructions  to  recommend  for  Inclusion  In  a 
special  reserve  a  compact  body  of  public  lands  containing  an  ample  supply  of 
fuel  oil  for  the  use  of  the  United  States  Navy,  I  have  prepared  and  recommend 
for  submission  to  the  President  the  following  order  of  withdrawal,  involving 
approximately  38,068  acres  in  the  Elk  Hills,  Kern  County,  Cal. 
Very  respectfully, 

Geo.  Otis  Smith, 

Director, 

August  10,  1912. 
Respectfully  r^erred  to  the  President  with  favorable  recommendation. 

Walter  L.  Fisher, 

Secretary, 
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Obdeb  of  Withdrawal. 

Naval  petroleum  reserve  No.  1. 

It  is  hereby  ordered  that  all  lands  Included  In  the  following  list  and  hereto- 
fore forming  a  part  of  petroleum  reserve  No.  2,  California  No.  1,  withdrawn  on 
July  2,  1010,  from  settlem^it,  location,  sale,  or  entry,  and  reserved  for  classi- 
fication and  in  aid  of  legislation  under  the  authority  of  the  act  of  Congress 
entitled  "An  act  to  authorize  the  President  of  the  United  States  to  make 
withdrawals  of  public  lands  In  certain  cases"  (36  Stat,  847),  shall  hereafter, 
subject  to  valid  existing  rights,  constitute  naval  i)etroleum  reserve  No.  1,  and 
shall  be  held  for  the  exclusive  use  or  benefit  of  the  United  States  Navy  mxtil 
this  order  is  revoked  by  the  President  or  by  act  of  Congre8&  To  this  end  and 
for  this  public  purpose  the  order  of  July  2, 1910,  is  modified  and  the  withdrawal 
of  that  date  is  continued  and  extended  in  so  far  as  it  affects  these  lands. 

Mount  Diablo  meridian, 

T.  30  S..  R.  22  E.,  sec.  24,  all. 
[Here  follows  the  remainder  of  land  description.] 

Wm.  H.  Taft, 
Seftbkbeb  2,  1012.  President. 

The  prelimiuary  withdrawals  are  made  as  a  first  step  in  classi- 
fication and  are  based  on  recommendations  of  Survey  geologists  or 
of  field  agents  of  the  General  Land  Office.  A  few  such  withdrawals 
have  been  based  on  petitions  filed  by  residents  of  the  community  in 
which  the  occurrence  of  oil  is  suspected.  The  purpose  of  the  with- 
drawals is  primarily  to  withhold  the  lands  from  disposition  pend- 
ing their  examination  and  classification.  Because  of  the  lack  of 
definite  geologic  data  most  of  the  preliminary  withdrawals  of  neces- 
sity embrace  areas  larger  than  those  ultimately  found  to  be  valuable. 

As  soon  as  practicable  after  preliminary  withdrawal  the  lands  are 
examined  geologically,  and  from  the  data*  obtained  in  this  examina- 
tion, presented  and  considered  as  already  described,  decisions  as  to 
the  probable  productive  and  nonproductive  portions  of  the  area  are 
made.  The  areas  classified  as  nonoil  land  are  promptly  restored  and 
become  subject  to  entry  and  disposition  as  if  no  withdrawal  had  been 
made. 

The  following  order  illustrates  the  form  in  which  such  restorations 
are  made : 

Department  of  the  Interior, 

United  States  Geological  Subvet, 

Washington,  September  9,  1912. 

The  honorable  the  SECBBTABr  of  the  Interior. 

Sib:  Field  investigation  by  the  (xeological  Survey  indicates  that  the  lands 
listed  below  do  not  contain  deposits  of  oil  or  gas.  The  following  order  of 
restoration,  which  involves  133,626  acres,  is  therefore  recommended  for  submis- 
sion to  the  President  for  appropriate  action.    A  small  part  of  these  lands  la 
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within  national  forests,  but  none  are  included  in  public  water  reserves,  coal, 
phosphate,  or  power-site  withdrawals. 

Very  respectfully,  Geo.  H.  Ashley, 

Acting  Director, 

SEPfEKBEB  21,  1912. 
Respectfully  referred  to  the  President,  with  favorable  recommendation. 

Samuel  Adams, 
Acting  Secretary, 

Obdeb  of  Restobation. 

Petroleum  restoration  No.  12— California  No.  7. 

So  much  of  the  orders  of  withdrawal  made  heretofore  for  classification 
and  in  aid  of  legislation  affecting  the  use  and  disposition  of  petroleum  lands, 
namely,  reserves  No.  2,  No.  18,  and  No.  20,  as  affects  the  lands  hereinafter  de- 
scribed is  hereby  revoked,  for  the  reason  that  the  IMrector  of  the  Geological 
Surv^  reportB  that  the  lands  are  not  valuable  for  the  purpose  for  which 
withdrawn. 

And  it  is  further  ordered  that  all  such  lands  not  otherwise  reserved  or  with- 
drawn are  hereby  restored  to  the  public  domain  and  shall  become  subject  to 
disposition  under  the  laws  applicable  thereto  upon  such  date  and  after  such 
notice  as  may  be  determined  ujion  by  the  Secretary  of  the  Interior. 

Mount  Diablo  meridian, 

T.  16  S.,  R.  11  B.,  sec.  21,  N.  }  of  SW.  J.  SE.  I  of  SW.  i,  S.  1  of  SE.  i. 
[Here  follows  the  remainder  of  the  land  description.] 

Wm.  H.  Taft, 
Sbptbiiiieb  23,  1912.  President. 

The  areas  classified  as  oil  land  remain  withdrawn  pending  the 
enactment  by  Congress  of  appropriate  legislation  for  the  disposition 
of  oil  and  gas  deposits. 

PHOSPHATE  LAKBS. 
USB  OF  PHOSPHATE. 

Phosphorus  is  one  of  the  mineral  elements  that  are  essential  to 
plant  growth  and  therefore  necessary  to  make  soils  productive,  and 
it  is  one  of  the  three  most  likely  to  become  exhausted  by  continued 
removal  in  crops  taken  from  the  soil.  Work  at  the  agricultural 
experiment  stations  in  Illinois,  Ohio,  and  Wisconsin  has  shown  that 
lands  under  cultivation  in  these  States  during  the  last  half  century 
have  been  depleted  of  one-third  of  their  original  content  of  phos- 
phoric acid.    This  depletion  per  acre  annually  is  equivalent  to  the 
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phosphoric  acid  contained  in  60  pounds  of  high-grade  phosphate 
rock.  At  this  rate  12,000,000  tons  of  high-grade  phosphate  rock,  ap- 
proximately four  times  the  production  in  1911,  or  one-third  the  total 
marketed  production  in  the  United  Spates  from  1867  to  1911,  would 
be  required  each  year  simply  to  offset  the  depletion  of  the  400,000,000 
acres  of  cultivated  land  in  the  United  States,  the  question  of  increas- 
ing the  present  agricultural  yield  not  being  considered. 

Phosphate  or  rock  phosphate  is  a  mineral  substance  made  up  of 
lime  and  phosphoric  acid  and  is  the  principal  source  of  the  phosphate 
of  commerce.  Its  value  is  becoming  more  apparent  and  more  clearly 
recognized  in  the  United  States,  not  only  through  the  decreasing 
yield  per  acre  of  cultivated  lands  but  also  through  the  discovery  of 
the  fact  that  s<Mne  virgin  lands  are  deficient  in  this  essential  to  plant 
growth.  The  marketed  production  of  phosphate  rock  in  the  United 
States  increased  from  448,567  long  tons  in  1888  to  11,900,693  long 
tons  in  1911.  The  rock  phosphate  is  used  as  raw  rock  flour  (or 
"  floats  ")  or  in  the  form  of  a  superphosphate,  which  is  made  by 
treating  the  rock  with  sulphuric  acid. 

LANDS    CONTAINING    PHOSPHATE. 

The  commercially  available  phosphate  deposits  of  the  puUic  do- 
main are  those  in  Florida  and  those  of  the  western  fields,  which,  so 
far  as  investigated  at  present,  are  confined  to  the  States  of  Idaho, 
Montana,  Wyoming,  and  Utah. 

Deposits  of  phosphate  in  the  Bocky  Mountain  States  were  first 
discovered  in  northeastern  Utah  and  southeastern  Idaho,  in  the 
vicinity  of  the  Idaho-Utah-Wyoming  line.  From  this  locality 
the  deposits  have  been  traced  south,  east,  and  west  halfway  across 
the  States  of  Idaho,  Utah,  and  Wyoming  and  northward  to  the  vicin- 
ity of  Helena,  in  west-central  Montana,  so  that  the  phosphate  beds 
now  known  cover  an  area  extending  about  220  miles  from  east 
to  west  and  420  miles  from  north  to  soui.li.  Of  course  only  a  small 
part  of  this  territory  is  underlain  by  deposits  that  are  commercially 
valuable. 

Deposits  of  phosphate  rock  exist  also  in  Tennessee,  South  Carolina, 
and  Arkansas,  but  these  deposits  are  <xi  lands  that  have  passed  into 
pri\uite  ownership.  The  production  of  Tennessee  is  increasing,  that 
of  Florida  appears  to  have  about  reached  its  maximum,  the  South 
Carolina  output  is  diminishing,  and  the  Arkansas  deposits  are  of 
low  grade.  F(»-  these  reasons  the  largest  future  production  must 
come  from  the  western  fields,  where  the  deposits  are  chiefly  on  the 
public  lands,  although  Florida  will  remain  an  important  factor  in 
production  for  many  years  ^o  come. 
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PHOSPHATE  RESERVES^ 

In  order  to  prevent  the  alienation  of  the  phosphate  deposits  on 
the  public  lands  until  Congress  shall  provide  a  law  for  their  disposi- 
tion that  will  encourage  development  under  conditions  favorable  to 
the  public  interests,  the  known  phosphate  lands  remaining  in  Gov- 
ernment ownership  have  been  temporarily  withdrawn  from  entry. 
The  reserves  thus  created  embrace  lands  in  the  phosphate  belt  of 
Florida  and  in  Utah,  Idaho,  Wyoming,  and  Montana. 


The  deposits  in  the  Florida  reserves  include  two  important  kinds  of 
phosphate — the  hard  rock  and  the  land  pebble;  the  latter  doubtless 
was  derived  from  the  former.  Deposits  of  both  these  types  are  found 
near  the  surface  and  are  mined  after  removal  of  the  soil  cover  or  over- 
burden. The  pebble  deposits  are  fairly  regular  in  thickness,  but  the 
hard  rock  occurs  in  irregular  pockets  in  the  limestone  of  which  it  is 
supposed  to  be  a  residual  product.  The  pebble  deposits  cover  a  large 
area,  mainly  in  southwest-central  Florida;  the  hard-rock  deposits 
are  distributed  through  the  northwestern  part  of  the  State. 

The  hard-rock  phosphate  is  sold  on  a  guaranty  of  77  per  cent  of 
tricalcium  phosphate  (the  bone  phosphate  of  conmierce)  and  the 
pebble  phosphate  on  guaranties  of  60  to  75  per  cent. 

The  prospecting  or  geologic  mapping  of  these  practically  flat  de- 
posits in  a  region  of  slight  relief  is  in  most  places  complicated  by 
the  presence  of  overburden,  so  that  any  investigation  of  undeveloped 
portions  is  conducted  principally  by  systematic  drilling. 


The  phosphate  deposits  in  the  western  reserves  consist  of  rock 
phosphate  occurring  in  beds  interstratified  with  other  rocks,  in 
much  the  same  way  as  coal  occurs.  The  beds  over  4  feet  thick  con- 
taining 70  per  cent  of  tricalcium  phosphate  are  from  one  to  three  in 
number  in  different  places.  These  are  interbedded  with  yellowish 
to  brown  phosphatic  sandstone  and  shale  and  here  and  there  with 
thin  beds  of  dark  limestone.  The  shale  contains  from  25  to  60 
per  cent  of  tricalcium  phosphate  and  is  doubtless  of  future  economic 
importance.  The  phosphatic  series  ranges  from  less  than  6  feet 
to  about  180  feet  in  thickness  and  usually  lies  between  a  light- 
colored  sandy  limestone  of  variable  thickness  and  a  white,  brown, 
yellow,  or  dull-black  cherty  limestone  averaging  225  feet  in  thick- 
ness. The  chert  overlies  the  phosphatic  beds  where  the  strata  are 
in  normal  order,  but  in  places  the  b^ds  have  been  turned  completely 


126  CLASSIFICATION   OF  THE  PUBUC   LANDS. 

over  in  the  intense  folding  that  has  occurred.  The  phosphate 
deposits  therefore  not  only  lie  flat  but  stand  at  various  inclinations, 
and  they  lie  at  great  depth  except  where  the  long-continued  action 
of  the  elements  has  worn  away  parts  of  the  rock  folds.  These  folds 
are  of  two  principal  types — ^upfolds,  or  anticlines,  and  downfolds, 
or  synclines.  In  some  places  the  folding  has  been  moderate  in 
amount  and  the  folds  are  long,  regular  wrinkles.  In  other  places 
the  folding  was  so  intense  and  the  wrinkles  were  so  sharp  and 
extensive  that  the  beds  are  broken  or  "  faulted  ^  and  come  together 
in  irregular  order.  Faults  may  and  in  many  places  do  sharply 
separate  phosphate  from  nonphosphate  land,  and  where  such  faults 
are  concealed  by  later  deposits,  such  as  gravels,  they  may  lead  to  an 
apparently  unwarranted  difference  in  the  classification  of  adjoin- 
ing and  seemingly  similar  tracts.  Two  40-acre  tracts  in  a  section 
may  in  reality  be  underlain  by  phosphate  and  the  remaining  tracts 
may  be  barren,  although  the  surface  character  of  all  may  be  exactly 
similar,  so  that  it  is  necessary  that  the  field  examinations,  the  nature 
of  which  is  more  fully  explained  elsewhere,  should  involve  more  than 
a  study  of  specific  tracts. 

The  phosphatic  series  is  composed  of  rocks  which  wear  away 
easily  under  the  action  of  the  elements,  and  its  outcrop  is  therefore 
inconspicuous;  but  the  rocks  immediately  above  and  below  it  are 
resistant  and  in  many  places  stand  out  in  ledges  that  are  easily 
traced.  The  field  surveys  on  which  the  classification  of  the  lands 
is  based  are  made  with  sufficient  detail  and  accuracy  to  determine 
the  distribution  of  phosphatic  beds  relative  to  40-acre  tracts  or  other 
legal  subdivisions,  the  thickness  and  character  of  cover,  and  the 
quality  and  thickness  of  rock  phosphate.  The  determination  of  the 
factors  last  named  has  in  places  involved  the  actual  prospecting  of 
the  deposits  by  deep  trenches,  the  longest  of  which  was  over  400  feet 
long.  Certain  other  preliminary  surveys  of  a  reconnaissance  nature 
have  been  made  in  order  to  acquire  data  for  classification  and  pre- 
liminary modifications  of  the  reserve  boundaries. 

The  estimated  quantity  of  high-grade  rock  (containing  70  per  cent 
or  more  of  tricalcium  phosphate)  included  in  the  area  surveyed  in  de- 
tail to  date  is  more  than  3,000,000,000  long  tons,  yet  it  is  possible  that 
such  an  estimate,  based  solely  on  information  collected  along  the 
outcrop  of  the  beds,  may  be  excessive.  Below  the  surface  the  brown 
phosphate  of  Tennessee  rapidly  becomes  lean  and  grades  into  the 
phosphatic  limestone  from  which  the  phosphate  is  supposed  to  have 
been  concentrated  by  weathering.  The  phosphate  deposits  of  the 
western  reserves  may  ultimately  be  found  to  show  a  similar  change, 
although  they  do  not  exhibit  clear  evidence  of  such  concentration 
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hut  in  the  main  have  the  characteristics  of  original  bedded  deposits, 
probably  in  part  of  purely  chemical  and  in  part  of  organic  origin. 
They  have  therefore  been  inferred  to  have  practically  the  same  rich- 
ness underground  that  they  show  at  the  outcrop.  However,  in  view 
of  the  unproved  value  of  the  deeper  portions  of  the  phosphate  beds  it 
is  advisable  that  they  be  sampled  by  deep  prospecting  before  any 
plan  for  the  final  disposal  of  the  lands  is  adopted.  If  such  pros- 
pecting shows  that  the  greater  part  of  the  rock  included  in  the  esti- 
mates is  relatively  of  low  grade  it  will  be  self-evident  that  the  ex- 
haustion of  the  phosphate  resources  is  not  so  distant  as  it  now 
appears  and  that  the  value  of  the  outcropping  portions  that  are  now 
known  to  include  high-grade  phosphate  rock  is  much  greater  than  is 
at  present  suspected. 

SUMMARY  OF  PHOSPHATE  SITUATION. 

The  question  of  the  adequacy  of  our  phosphate  resources  for  our 
own  future  needs  had  been  mentioned  by  several  authorities  prior 
to  the  conference  of  the  governors  in  1908,  in  which  the  discussion 
of  this  and  kindred  topics  drew  public  attention  to  the  situation. 
At  this  conference  the  possibility  that  foreign  investors  might  acquire 
the  better-known  and  supposedly  richer  portions  of  our  deposits 
was  suggested,  the  wisdom  of  permitting  the  exportation  of  so  essen- 
tial a  quasi-public  commodity  was  questioned,  and  the  desirability 
of  an  early  examination  of  the  available  supplies  was  emphasized. 
In  part  as  a  result  of  these  indications  of  public  interest,  in  part 
as  a  continuation  of  the  policy  already  adopted  in  reference  to 
coal  lands,  and  in  part  because  of  the  legal  dilemma  existing  in  the 
western  fields  through  the  inadequacy  of  the  laws  governing  the 
disposal  of  mineral  land  the  Secretary  of  the  Interior,  on  December 
10, 1908,  withdrew  from  entry  about  7,000  square  miles  of  public  land 
in  Idaho,  Utah,  and  Wyoming,  pending  an  examination  of  their 
phosphate  resources.  In  the  following  summer  the  United  States 
Geological  Survey  began  the  examination  of  these  lands  and  the 
investigation  has  been  continued  up  to  the  present  time,  some  4,000 
square  miles  having  been  examined  in  a  preliminary  way  and  about 
2,500  square  miles  surveyed  in  detail. 

The  first  withdrawal  was  based  partly  on  information  collected  by 
the  Hayden  Survey  in  1877  and  partly  on  later  detailed  and  recon- 
naissance examinations  made  by  the  United  States  Gecdogical  Sur- 
vey. Field  work  done  subsequent  to  this  withdrawal  revealed  the 
regularity  and  the  character  of  the  phosphate  deposits,  so  that  it  has 
been  possible  not  only  to  revise  the  estimates  of  the  reserves  in  the 
area  actually  examined  since  the  first  withdrawal  but  also  to  make 
a  closer  interpretation  of  the  information  gathered  by  the  earlier 
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surveys.    These  facts  and  relations  are  brought  out  in  the  following 
table : 

Approximate  area  of  phosphate  lands,  in  square  miles. 


Year. 


Reoon* 
nnJawnw 
surreys. 


Detail 
surveys. 


TotaL 


drawn. 


1908. 
190B. 
1010. 
1911. 
1912. 


1,000 

1,400 

1,200 

400 


800 
fiOO 
800 
400 


1,800 

1,900 

2,000 

800 


4,000 


2,500 


6,500 


7,000 

eoo 

65 

65 

1,800 


9,610 


3.600 

90 

237 

495 


4,4W 
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As  the  phosphate  deposits  on  the  public  domain  exist  as  stratiform 
sedimentary  beds  or  as  residual  deposits  of  the  placer  type,  they  are, 
as  a  rule,  readily  found  and  their  extent  may  be  determined  by  ordi- 
nary methods  of  areal  geologic  mapping  (pp.  50-61).  In  examining 
such  deposits  the  geologic  problems  involved  are  chiefly  structural. 
The  purely  economic  considerations  of  accessibility,  means  of  trans- 
portation, and  nearness  to  market  are  highly  important  in  the  problem 
of  establishing  a  commercial  mine  but  are  not  involved  in  the  classi- 
fication of  the  land  as  phosphate  or  nonphosphate  land. 

The  classification  of  a  given  tract  as  phosphate  land  is  governed 
by  the  facts  observed  in  the  course  of  a  field  examination.  A 
knowledge  of  the  general  geology  of  the  region  tells  the  examiner 
in  what  geologic  environment  the  deposits  may  be  expected,  and  a 
knowledge  of  the  local  succession  of  the  beds  tells  him  at  what  hori- 
zons and  at  what  depths  such  deposits  may  be  found  in  the  tract 
examined.  Before  making  a  mineral  or  nonmineral  classification  of 
withdrawn  phosphate  lands  it  is  essential  to  know  exactly  the  distri- 
bution of  the  valuable  deposits  and  to  ascertain  their  relation  to 
the  legal  subdivisions,  so  that  the  lands  may  be  correctly  described 
and  classified.  In  making  a  classification  it  is  also  necessary  to  know 
the  thickness  and  the  number  of  the  phosphate  beds ;  the  proportion 
of  phosphoric  acid  (PsOr),  or  its  equivalent  expressed  as  tricalciuni 
phosphate,  that  they  contain;  and  the  depths  below  the  surface  at 
which  they  bccur. 

The  facts  determined  and  recorded  in  the  course  of  a  field  examina- 
tion are  shown  on  the  township  maps  submitted  by  the  field  geologists 
to  the  land-classification  board.  If  any  of  the  data  collected  can  not 
be  represented  on  the  maps  they  are  supplied  in  the  form  of  descrip- 
tive notes.   One  of  the  most  essential  factprs  to  qoqsider  in  the  classi- 
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fication  of  any  tract  is  the  relation  of  the  bed  and  its  outcrop  to  that 
tract.  If  the  rocks  are  in  normal  position — that  is,  if  they  have  not 
been  overturned  or  greatly  disturbed  by  faulting — all  the  area  under- 
lain by  rocks  stratigraphically  below  the  outcropping  bed  and  there- 
fore not  underlain  by  the  phosphate  bed — ^may  at  once  be  classified  as 
nonphosphate.  In  order  to  determine  what  lands  are  underlain  by 
phosphate  deposits  it  is  necessary  to  work  out  from  the  recorded  dips 
and  strikes  the  structure  of  the  field  and  to  ascertain  in  what 
position  and  at  what  depth  the  phosphate  beds  lie.  When  these  fac- 
tors have  been  duly  considered  and  the  position  of  the  phosphatic 
layer  has  been  determined,  it  is  necessary  to  know  the  regularity  of 
the  phosphate  content  of  the  bed,  its  variation  in  thicknass,  and  the 
uniformity  of  its  chemical  composition  from  point  to  point  in  order  to 
determine  whether  or  not  the  tract  contains  a  sufficient  amount  of 
phosphate  to  justify  its  classification  as  phosphate  land. 

Frequently  in  considering  these  factors  it  is  desirable  to  make  use 
of  data  of  a  confidential  character  which  may  have  been  procured  in 
the  course  of  the  field  examination.  Such  data,  although  used  in  de- 
termining the  classification  of  the  land,  never  appear  on  the  map  that 
is  filed,  but  for  all  confidential  sections,  drill  records,  or  other  data 
only  the  location  is  indicated  on  the  map  and  the  material  itself  is 
kept  separate  from  the  general  description  and  is  not  open  to  public 
inspection. 

FBOratFUM   < i*> ■■!■  MrtT.T.Tifft   THB   OTi A HmflOATIOar   OV   PROflPHATB   XiAVIX 

Lands  that  have  been  included  within  phosphate  reserves  because 
preliminary  examinations  indicated  that  parts  of  them  at  least 
contain  valuable  deposits  of  phosphate  whose  exact  distribution 
could  not  at  that  time  be  ascertained  are  further  examined  as  soon  as 
practicable  and  all  lands  barren  of  phosphate  are  recommended  for 
restoration.  In  order  to  determine  what  lands  should  be  so  recom- 
mended and  what  lands  should  be  retained  in  the  phosphate  reserve 
pending  legislation  providing  for  the  disposition  of  phosphate 
deposits,  it  is  necessary  to  determine  what  is  and  what  is  not  to  be 
regarded  as  phosphate  land.  It  is  very  evident  that  lands  which  con- 
tain phosphate  beds  only  an  inch  or  two  in  thickness  or  with  a  con- 
tent of  tricalcium  phosphate  that  is  only  2  or  3  per  cent  of  the  entire 
mass  or  lands  beneath  which  the  phosphate  beds  lie  at  depths  so  great 
that  they  can  not  be  commercially  mined  should  be  considered  non- 
phosphate  land. 

BXCrULATIOKV  FOB   THX   OLABSZFIOATIOK   OV   PHOSPKATB   liAHIMk 

In  order  that  the  restorations  and  withdrawals  may  conform  as 
nearly  as  possible  to  the  factors  that  are  involved  in  determining 
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whether  a  given  bed  of  phosphate  possesses  any  actual  or  prospective 
value  as  a  source  of  commercial  phosphate,  the  following  regulations 
were  framed  and  have  been  applied  in  the  classification  of  phosphate 
lands. 

The  principles  incorporated  in  these  regulations  are  to  be  used 
primarily  for  guidance  in  determining  what  lands  will  be  recom- 
mended for  reservation  and  what  lands  will  be  restored  or  excluded 
from  future  reserves.  These  principles,  however,  are  based  on  a 
careful  consideration  of  the  factors  which  affect  phosphate  values 
and  which  may  be  involved  when  provision  has  been  made  for  the 
disposition  of  the  phosphate  lands  or  of  the  deposits  themselves. 
Furthermore,  due  regard  has  been  given  to  such  future  developments 
as  can  be  anticipated  from  present  conditions. 

Phosphate  deposits  shall  be  classified  according  to  their  thickness,  their  depth 
below  the  surface,  and  their  calculated  tricalcium  phosphate  determined  from 
phosphoric  acid  content. 

Lands  underlain  by  beds  of  phosphate  less  than  1  foot  in  thickness  or  con- 
taining less  than  30  per  cent  tricalcium  phosphate  or  lying  at  a  depth  greater 
than  5,000  feet  below  the  surface  shall  be  considered  nonphosphate  lands,  except 
as  hereinafter  provided. 

A.  Lands  underlain  by  beds  of  phosphate  6  feet  or  more  in  thickness  and 
containing  70  per  cent  or  more  of  calculated  tricalcium  phosphate  shaU  be 
considered  phosphate  lands  if  the  beds  do  not  lie  more  than  5,000  feet  below 
the  surface.  The  depth  limit  for  beds  containing  70  per  cent  of  calculated 
tricalcium  phosphate  shall  vary  from  0  to  5,000  feet  in  direct  ratio  to  the 
variation  of  thickness  of  bed  from  1  foot  to  6  feet.  For  beds  containing  less 
than  70  per  cent  tricalcium  phosphate  the  depth  limit  shiiU  vary  from  zero 
to  the  depth  of  a  70  per  cent  bed  of  any  given  thickness  in  direct  ratio  to  the 
variation  in  tricalcium  phosphate  content  from  30  to  70  per  cent 

B.  Lands  underlain  at  depths  greater  than  the  depth  limit  given  in  "A" 
by  horizontal  beds  of  phosphate  6  feet  or  more  in  thickness  and  containing 
70  per  cent  or  more  of  calculated  tricalcium  phosphate  shall  be  considered 
phosphate  lands  to  a  distance  of  10  miles  from  the  outcrop  or  X)oint  of  accessi- 
bility from  which  they  can  be  reached  by  a  horizontal  tunnel,  which  distance 
shall  be  decreased  to  0  In  direct  ratio  as  the  thickness  decreases  to  1  foot. 
For  beds  containing  less  than  70  per  cent  calculated  tricalcium  phosphate 
the  maximum  distance  for  any  given  thickness  of  phosphate  bed  shall  be 
decreased  to  zero  in  direct  ratio  as  the  percentage  of  tricalcium  phosphate 
decreases  from  70  to  30  per  cent.  If  the  phosphate  beds  dip  toward  the 
outcrop  or  lie  above  the  point  of  accessibility,  they  shall  be  included  under 
this  paragraph. 

C.  The  maximum  horizontal  distance  for  any  given  thickness  of  phosphate 
bed  shall  be  decreased  from  that  given  in  "  B  "  to  one-fourth  that  distance  in 
direct  ratio  as  the  depth  below  the  outcrop  or  point  of  accessibility  Increases 
from  zero  to  the  limiting  value  given  in  ''A.*'  This  limiting  horizontal  dis- 
tance applies  both  to  horizontal  and  to  dipping  beds,  but  in  no  case  shall 
land  be  classified  as  phosphate  land  where  the  bed  lies  at  a  depth  l>elow  the 
point  of  accessibility  greater  than  that  given  in  "A"  or  where  the  amount 
of  barren  tunnel  and  shaft  work  required  to  reach  the  phoefphate  bed  would 
be  more  than  three-fourths  of  the  total  tunnel  and  shaft  work  required  to 
mine  the  bed,  1  foot  of  lift  being  considered  equivalent  to  7.92  feet  of  haul. 
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D.  Wb«K  the  pbospbate  bed  occurs  at  or  near  the  surface  bo  that  the 
depoBEts  may  be  readily  mined  by  open-cut  or  strlpplnf;  melhods.  the  minltuum 
tblcknew*  of  a  phosphate  bed  contiilnliiK  TO  per  cent  or  more  of  trlcalclum 
phoepbate  sball  be  3  Inches.  For  beiln  containing  less  than  TO  per  cent 
trlcalclam  pbosphate  the  minimum  Ihlckiieiw  shall  Increiise  to  1  foot  as  the 
percentage  of  trlcaldnm  phosphate  decreases  from  TO  to  30  per  cmt. 


■  oiiAiUFiOAXioir. 


Class) fications  of  the  phasphntc  lands  that  have  been  exnmined 
are  made  according  to  articles  A  and  D  of  the  regulations.  Recent 
field  work  in  the  closely  folded  phospliate  region  in  the  Western 
States  and  in  the  comparatively  shallow  deposits  of  Florida  has 
shown  that  the  attitude  of  the  beds  in  these  localities  is  such  that  it 
is  not  necessary  to  make  use  of  articles  B  and  C  in  classifying  the 
lands.    The  classifications  that  are  made  according  to  the  r^ula- 
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tions  outlined  in  article  D  are  comparatively  simple,  but  those 
made  under  article  A  are  much  more  complex  and  require  consider- 
able computation.  In  order  to  reduce  to  a  minimum  the  computa- 
tions involved  in  determining  the  maximum  depth  a  given  phos- 
phate bed  of  known  thickness  and  content  of  tricalcium  phosphate 
may  attain  for  the  land  to  be  classified  as  phosphate  land,  the  ac- 
companying diagram  (fig.  7)  has  been  constructed,  by  which  each 
individual  problem  falling  under  article  A  can  be  readily  solved. 

All  beds  6  feet  or  more  in  thickness  are  computed  as  6-foot  beds, 
and  all  beds  having  a  content  of  tricalcium  phosphate  greater  than 
70  per  cent  are  computed  as  70  per  cent  beds.  In  order  to  determine 
from  the  diagram  to  what  depth  any  phosphate  bed  whose  thickness 
and  content  of  tricalcium  phosphate  are  known  should  be  considered 
workable,  the  vertical  line  in  the  diagram  that  represents  the  thick- 
ness of  the  bed  is  selected  and  followed  to  its  intersection  with  the 
diagonal  line  representing  the  percentage  of  tricalcium  phosphate  the 
bed  contains.  From  this  point  of  intersection  the  actual  or  constructed 
diagonal  line  is  followed  to  the  top  of  the  diagram,  where  the  maxi- 
mum depth  limit  is  given.  Every  40-acre  tract  between  the  outcrop 
of  the  phosphate  bed  and  the  line  where  the  bed  reaches  this  depth 
limit  should  be  classified  as  phosphate  land. 

Where  the  phosphate  rock  occurs  in  several  thin  beds  or  groups  of 
beds  sufficiently  close  together  to  be  mined  as  a  unit  but  with  dif- 
ferent percentages  of  phosphoric  acid,  all  the  material  that  can  be 
mined  as  one  bed  should  be  taken,  or  in  case  part  of  it  consists  of 
barren  rock  that  portion  of  the  group  that  can  be  mined  as  a  unit 
and  will  give  the  greatest  amount  of  phosphate  rock  should  be  con- 
sidered. Where  more  than  one  bed  exists  that  can  be  mined  sepa- 
rately without  destroying  the  value  of  the  other  beds  the  land  should 
be  classified  on  the  basis  of  each  bed  separately,  all  the  lands  being 
classified  as  phosphate  land  that  can  be  so  classified  with  reference  to 
any  one  of  the  beds.  This  method  of  calculation  gives  the  maximum 
amount  of  phosphate  that  can  be  obtained  from  the  bed  or  group  of 
beds  and  is  the  method  used  in  determining  what  lands  should  be 
classified  as  phosphate  land. 

As  a  result  of  action  of  this  type,  based  on  field  examinations  made 
by  the  geologists  of  the  geologic  branch,  withdrawals  and  restora- 
tions have  been  recommended  from  time  to  time. 

Examples  of  withdrawal  and  restoration  orders  are  given  below: 

Department  of  the  Intebiob, 

United  States  Geological  Subvey^ 

Washington^  January  25,  1913, 

The  honorable  the  Secbetabt  of  the  Intebiob. 

Sir:  Investigations  by  the  Geological  Survey  in  the  Florida  phosphate  region 
indicate  that  the  lands  listed  below  lie  within  the  phosphate  area  and  prob- 
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ably  contain  valuable  deposits  of  phosphate.  These  lands  were  reported  by 
the  General  Land  Office  In  a  letter,  dated  January  15,  1913,  as  vacant  Govern- 
ment lands,  or  as  unapproved  State  or  railroad  selections.  Their  withdrawal 
is  in  accordance  with  the  procedure  outlined  and  advocated  in  my  letter  of 
August  16,  1912.  I  therefore  recommend  the  submission  to  the  President  of 
the  following  order  of  withdrawal,  involving  75,851  acres. 
Very  respectfully, 

Geo.  Otis  Smith, 

Director, 

Pebbuabt  3,  1913. 
Respectfully  referred  to  the  President  with  favorable  recommendation. 

Walteb  L.  Fishes, 

Secretary, 

Oboeb  of  Withdbawal. 

Phosphate  reserve  No.  16 — Florida  No.  5. 

Under  and  pursuant  to  the  provisions  of  the  act  of  Congress  approved  June 
25,  1910  (36  Stat.,  847),  entitleil  "An  act  to  authorize  the  President  of  the 
United  States  to  make  withdrawals  of  public  lands  in  certain  cases,"  as 
amended  by  act  of  Congress  approved  August  24,  1912  (Public  No,  316),  It  Is 
hereby  ordered  that  the  following  described  lundH  \h\  niul  the  same  are  hereby, 
withdrawn  from  settltoient,  location,  sale,  or  entry  and  reserved  for  public  use. 

Tallahasnee  meridian. 

T.  2  N..  R.  1  E.,  sec.  6,  E.  i  of  SW.  i. 
[Here  follows  the  remainder  of  the  land  description.] 

Wm.  H.  Taft, 
B^BUABY  3,  1913.  Prenident. 


Depabtment  of  the  Intebiob, 

United  States  (xEological  Subvey, 

Washington,  August  8.  1912. 

The  honorable  the  Secbetaby  of  the  Intebiob. 

Sib:  Field  investigation  by  the  Geological  Survey  indicates  that  the  lands 
listed  below  do  not  contain  deposits  of  phosphate.  The  following  order  of 
restoration,  which  Involves  67,557  acres,  is  therefore  recommended  for  sub- 
mission to  the  President  for  appropriate  action.  Part  of  these  lands  are  within 
coal  withdrawals,  but  none  are  included  in  national  forests,  power-site  or 
petroleum  reserves. 

Very  respectfully,  Geo.  Otis  Smith, 

Director, 

August  17,  1912. 
Respectfully  referred  to  the  President  with  favorable  recommendation. 

Walteb  L.  Fisher, 

Secretary, 
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Order  of  Restoration. 

Phosphate  restoration  No.  6 — Wyoming  No,  2. 

So  much  of  the  order  of  withdrawal  made  heretofore  for  classification  and 
in  aid  of  legislation  affecting  the  use  and  disposition  of  phosphate  lands,  namelj, 
reserve  No.  4,  as  affects  the  lands  hereinafter  descrit)ed  is  hereby  revoked,  for 
the  reason  that  the  Director  of  the  Geological  Survey  reports  that  the  lands  are 
not  valuable  for  the  purpose  for  which  withdrawn. 

And  it  is  further  ordered  that  all  such  lands  not  otherwise  reserved  or 
withdrawn  are  hereby  restored  to  the  public  domain  and  shall  become  subject 
to  disposition  under  the  laws  applicable  thereto  upon  such  date  and  after  such 
notice  as  may  be  determined  ui)on  by  the  Secretary  of  the  Interior. 

Sixth  principal  tneridian. 

T.  23  N.,  R.  119  W.,  sees.  5  to  7.  inclusive; 

sec.  18,  all; 
sec.  19,  all; 
sec.  30.  all; 
sec.  31.  all. 
[Here  follows  the  remainder  of  the  land  description.] 


August  17,  1912. 


Wm.  H.  Tapt, 

PreHdent. 


As  a  result  of  these  orders,  3,291,527  acres  of  lands  were  included 
in  phosphate  reserves  on  January  1,  1913.  The  areas  involved  in 
these  recommendations  are  indicated  in  the  following  table : 

Phosphate  land  uHihdramn,  restored,  and  outstanding  on  January  1,  191S, 


state. 


Florida. . . 

Idaho 

Montana.. 

Utah 

Wyoming 


Total  with- 
drawals. 


Acret. 
45,970 

2,215,834 
274,861 
581,030 

3,060,098 


Restora- 
tions. 


Aeret. 

2,199 
1,157,778 


473,294 
1,253,013 


6,177,811       2,886,284 


Outstand- 
ing witb- 
dnwals. 


Acres. 
43,780 

1,058,056 
274, 8S1 
107,745 

1,807,085 


3,291,527 
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GEOIiOGIC  OCCURRENCE  OF  THE  DEPOSITS. 

No  potash  deposits  of  proved  commercial  value  are  yet  known  in 
the  United  States.  Indeed,  large  deposits  of  potash  salts  are  rare 
anywhere.  Much  the  greater  part  of  the  world's  supply  is  obtained 
from  deposits  in  central  Germany,  first  known  from  their  discovery 
near  Stassfurt.  The  only  other  noteworthy  deposit  in  the  world  is 
said  to  be  that  at  Kahisz,  Galicia,  in  northern  Austria.  Deposits  of 
tho  Stassfurt  type  may  eventually  be  found  in  the  United  Stetes,  but 
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the  chances  are  perhaps  greater  that  potassium-rich  saline  deposits  in 
this  country  will  vary  widely  from  the  German  type  in  the  character 
of  the  salts  and  in  their  mutual  associations.  It  appears,  therefore, 
that  a  discussion  of  the  geologic  occurrence  of  potash  based  on  the 
Stassfurt  type  alone  would  be  inadequate  if  intended  to  apply  to 
possible  deposits  in  the  United  States. 

Potash  in  its  soluble  or  most  useful  forms  is  almost  universally 
associated  with  other  soluble  salts.  Therefore  it  is  to  the  natural 
saline  residues  and  natural  or  artificial  brines  and  bitterns  that  atten- 
tion is  directed  in  an  exploration  for  soluble  potash. 

Great  deposits  of  salines,  especially  those  composed  of  sodium 
chloride  or  common  salt,  occur  in  many  parts  of  the  United  States, 
but  so  far  as  known  none  of  the  important  deposits  now  worked  for 
salt  contain  an  important  percentage  of  potash  salts.  Saline  beds 
occur  at  the  surface  in  the  arid  regions  of  the  West  more  abundantly 
than  elsewhere.  These  occurrences  include  at  least  two  types  of  de- 
posits— the  bedded  salines  included  in  stratified  formations,  which 
have  commonly  been  tilted  and  otherwise  displaced  since  their  depo- 
sition, and  the  more  recent  saline  deposits,  which  are  to  be  found  in 
the  undrained  playas  and  salt  marshes  of  the  Great  Basin  region. 

The  nianner  of  formation  of  these  more  recent  saline  deposits  is 
clearly  revealed  by  the  geologic  record  of  the  events  that  led  to  their 
accumulation  and  deposition.  These  events  are  so  recent  that  the 
changes  which  are  constantly  taking  place  on  the  earth's  surface  have 
not  yet  obliterated  or  seriously  obscured  the  evidence.  This  clearness 
and  completeness  of  the  geologic  record  justifies  confidence  in  the 
correctness  of  the  hypotheses  concerning  the  manner  of  origin  of 
saline  deposits  of  this  form. 

Saline  deposits  in  the  Great  Basin  region,  as  elsewhere,  are  formed 
by  the  accumulation  of  the  water-soluble  constituents  of  the  surface 
rocks  of  the  earth's  crust  set  free  by  that  form  of  dissolution  gen- 
erally referred  to  as  weathering.  These  salts  thus  freed  are  taken 
into  solution  by  the  rainfall  and  the  ground  waters  and  are  gradu- 
ally removed  by  the  streams  from  the  soils  where  they  originate. 
W'^here  these  streams  flow  into  inclosed  basins  with  no  outlet  to  the 
ocean,  as  is  the  rule  in  the  Great  Basin  region,  the  dissolved  salts  are 
carried  to  the  lowest  part  of  the  drainage  area,  where  they  ac- 
cumulate. In  the  past,  presimiably  because  of  greater  pre- 
cipitation than  at  present,  these  waters  formed  large  lakes,  which 
have  since  wholly  or  in  part  disappeared,  and  in  the  evaporation  of 
these  lake  waters  the  salts  have  been  deposited.  Examples  of  saline 
deposits  that  have  originated  in  this  way  in  the  low  parts  or  so-called 
sinks  of  the  inclosed  drainage  areas  are  common. 

Saline  deposits  derived  from  the  wash  of  continental  areas  nor- 
mally contain  among  other  constituents  a  certain  proportion  of 
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potash  salts.  As  a  whole,  the  quantity  of  potash  associated  with  the 
sodium  and  other  bases  is  so  small — only  2  or  3  per  cent  of  the 
whole — ^that  the  potash  can  not  be  recovered  profitably  for  commer- 
cial use.  However,  as  the  potassium  salts  are  somewhat  more  solu- 
ble than  most  of  the  other  constituents  of  natural  saline  solutions,  it 
is  believed  that  they  are  generally  among  the  last  to  be  deposited 
when  those  solutions  are  evaporated.  Owing  to  this  selective  action 
of  evaporation  it  is  probable  that  somewhere  in  the  saline  residues  of 
completely  desiccated  lakes  the  potassium  compounds  will  be  segre- 
gated in  much  richer  concentrations  than  elsewhere.  This  condition 
might  not  exist  in  natural  saline  deposits  if  the  deposition  of  the 
salines  were  interrupted  by  some  event  which  permitted  the  escape  of 
the  residual  brines  before  all  their  constituents  or  final  products  were 
deposited.  But  apparently  in  the  playas  of  the  Great  Basin  no  such 
event  has  interposed;  hence  all  the  constituents  of  the  accumulated 
brines  must  still  remain,  and  it  is  believed  that  in  certain  favorable 
places  rich  potassium-bearing  salts  exist. 

Most  of  the  lakes  that  formerly  existed  in  the  Great  Basin  have 
completely  disappeared  by  evaporation.  Vast  quantities  of  saline 
residues  must  have  been  deposited  by  the  final  drying  up  of  these 
lakes,  but  for  the  most  part  such  deposits  are  not  now  seen  at  the 
surface.  It  is  believed  that  the  greater  part  of  the  salines  deposited 
simultaneously  with  the  disappearance  of  the  lakes  has  since  been 
buried  by  sediments  carried  into  these  basins  by  streams  and  depos- 
ited as  alluvial  wash  or  in  later  lakes  that  have  occupied  the  original 
depressions.  Older  saline  deposits  elsewhere  have  been  formed  in  a 
similar  way. 

If  this  hypothesis  is  sound,  it  follows  that  the  probability  of  en- 
countering saline  deposits  by  drilling  in  the  bottom  of  the  desiccated 
lake  basins  is  very  great  and  that  under  favorable  conditions  potas- 
sium-rich salines  will  be  among  those  encountered.  It  is  hoped  that 
such  buried  salines  may  not  in  all  places  be  so  deep  as  to  be 
inaccessible. 

Fi^ld  work  undertaken  by  the  Government  in  the  search  for  pot- 
ash has  heretofore  been  largely  of  an  exploratory  character  and  has 
not  followed  any  general  or  established  rule  of  procedure.  A  sys- 
tematic study  of  brines,  bitterns,  and  rock-salt  deposit  in  all  parts  of 
the  United  States  is  included  in  the  general  plan.  The  Geological 
Survey  has  drilled  a  well  approximately  1,000  feet  deep  near  the 
center  of  the  Carson  Desert,  in  northern  Nevada.  This  test  is  not 
regarded  as  completed.  Elsewhere  in  Nevada  3nd  in  California  a 
number  of  shallow  drill  holes  have  been  sunk  in  other  ancient  lake 
basins.  Some  of  these  experiments  are  yielding  significant  and 
possibly  important  results. 
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Congress,  responding  to  the  urgent  recommendation  of  the  Presi- 
dent, has  so  amended  the  withdrawal  net  (p.  43)  that  deposits  of 
potassium-rich  minerals  may  be  included  in  reserves  until  an  appro- 
priate law  for  their  disposition  is  enacted.  In  view  of  the  variety  of 
such  deposits  in  commercially  available  form  and  of  their  impor- 
tance in  industry,  it  is  doubtless  the  intention  of  Congress,  if  the 
present  search  is  successful,  to  make  appropriate  provision  for  their 
development  and  disposal.  Meanwhile,  as  investigation  by  the 
scientists  of  the  Government  bureaus  reveals  promising  localities, 
these  localities,  if  they  involve  public  lands,  will  be  withdrawn  from 
entry  until  their  value  as  sources  of  potash  can  be  demonstrated  or 
disproved.  If  they  prove  to  contain  rich  deposits  the  withdrawals 
will  be  maintained  until  Congress  can  act.  Three  reserves  of  this 
type  have  already  been  created  by  the  President.  They  include 
133,829  acres  in  Nevada  and  California. 

The  order  of  withdrawal  by  which  potash  reserve  No.  2  was  created 
is  given  herewith  as  an  example  of  this  type  of  action. 

Depabtment  of  the  Interior, 

United  States  Geological  Survey, 

Washington,  Frhruary  20,  J91S, 

The  honorable  the  Secretary  of  the  Interior. 

Sib  :  Investigations  by  the  Geological  Survey  in  the  State  of  California  Indi- 
cate that  the  lands  listed  below,  which  He  within  a  dry  lake  known  as  Searles 
Lake,  probably  contain  valuable  deposits  of  potash.  I  therefore  recommend  the 
submission  to  the  President  of  the  following  order  of  withdrawal,  which  involves 
G9,S40  acres. 

Very  respectfully,  Geo.  Otis  Smith, 

Director, 

February  20,  1913. 
Respectfully  referred  to  the  President  with  favorable  recommendation. 

Walteb  L.  Fisher, 

Secretary. 
Order  of  Withdrawal. 

Potash  reserve  No.  2 — California  No.  1. 

Under  and  pursuant  to  the  provisions  of  the  act  of  Congress  approved  June 
25.  1910  (36  Stat.,  847),  entitled  "An  act  to  authorijce  the  President  of  the 
United  States  to  make  withdrawals  of  public  lands  in  certain  cases,"  as 
amended  by  act  of  Congress  approved  August  24,  1912  (Public  No.  316),  it  is 
hereby  ordered  that  the  following  described  lands  be,  and  the  same  are  hereby, 
withdrawn  from  settlement,  location,  sale,  or  entry  and  reserved  for  classifica- 
tion and  in  aid  of  legislation  affecting  nonmetalliferous  mineral  deposits : 

Mount  Diablo  meridian,  California. 

T.  24  S.,  R.  43  E.,  sec.  32,  SE.  i  of  SE  i ; 

sec.  33,  S.  i; 

sec.  34,  SW.  i,  W.  i  of  SE.  i,  SE.  i  of  SB.  i ; 
sec.  35,  S.  i  of  SW.  i. 
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An  area  bounded  as  follows:  Beginning  at  the  southeast  comer  of  sec.  31, 
T.  24  S.,  R.  43  E. ;  thence  west  2  miles;  thence  south  12  miles;  thence  east  9 
miles;  thence  north  12  miles;  thence  west  2^  miles,  more  or  less,  to  the  south 
quarter  comer  of  sec.  36,  T.  24  S.,  R.  43  E. ;  thence  west  4^  miles,  more  or  less, 
along  the  south  line  of  T.  24  S.,  R.  43  E.,  to  point  of  beginning. 

This  withdrawal  is  made  subject  to  all  rights  lawfully  initiated  under  any 
valid  mining  locations  made  upon  said  lands  so  long  as  such  rights  are  main- 
tained in  full  compliance  with  law. 

Wm.  II.  Taft, 

Febbuaby  21,  3913.  Prvttidcnt, 

As  the  geologic  conditions  under  which  potassium  deposits  are 
formed  differ  from  those  required  for  the  deposition  of  the  other 
nonmetalliferous  minerals,  except  the  related  .^alines,  special  field 
methods  have  been  used  for  their  discovery.  The  steps  to  be  taken  in 
classifying  lands  as  potash-bearing  or  potash-free  subsequent  to  field 
examination  are,  however,  identical  with  those  followed  in  the  classi- 
fication of  lands  with  regard  to  such  other  resources  as  phosphate 
and  petroleum.  The  present  laws  do  not  provide  for  appraisal  and 
sale,  as  in  the  case  of  coal  lands,  nor  for  lease. 

MISCEIXANEOTTS  KONMETALLIFEROTJS  MINERAL  LANDS. 

Some  of  the  important  minerals  besides  those  already  discussed 
are  limestone,  building  and  ornamental  stones,  cement  materials, 
sJates,  glass  sand,  gravel,  volcanic  ash,  diatomaceous  earth,  kaolin 
and  other  clays,  fuller's  earth,  gypsum,  borax,  salt,  sulphur,  monazite, 
talc,  soapstone,  quartz,  feldspar,  cryolite,  mica,  gems  and  precious 
stones,  strontium  compounds,  fluorspar,  barytes,  pyrite,  graphite, 
asbestos,  magnesite,  abrasives,  asphalt  and  other  hydrocarbons  such 
as  gilsonite  and  ozokerite,  mineral  waters,  mineral  paints,  and  bro- 
mine, as  well  as  guano  and  peat. 

A  great  many  of  the  so-called  nonmetalliferous  minerals  contain 
metallic  elements  which  either  can  not  be  extracted  commercially  or 
are  regarded  as  of  little  or  no  value  as  metals  but  which  by  their 
union  with  nonmetallic  elements  form  substances  that  are  sought 
because  of  their  nonmetallic  properties.  This  is  true  of  such  minerals 
as  corundum,  an  oxide  of  the  metal  aluminum,  and  gypsum,  a  sul- 
phate of  the  metal  calcium.  Monazite  is  sought  as  the  chief  source 
of  oxides  of  several  rare  metals.  There  are,  however,  so-called  non- 
metalliferous minerals  whose  metallic  content  is  high  and  which 
may  under  certain  conditions  be  regarded  also  as  metallic  minerals. 
A  notable  example  is  pyrite,  a  sulphide  of  iron,  which  is  extensively 
employed  in  the  manufacture  of  sulphuric  acid  because  of  its  high 
content  of  sulphur.  With  advancement  in  industrial  chemistry  some 
minerals  now  classed  as  nonmetalliferous  may  be  placed  in  the  cate- 
gory of  those  which  yield  valuable  metals  and  others  now  used  may 
h%  discarded. 


MISGBLLANBOUS  K0KMETALLIFBB0U8  MINERAL  LAKDS.       139 

The  geologic  occurrence  of  the  minerals  named  in  the  foregoing 
list  is  very  diverse  and  the  characteristics  of  the  deposits  containing 
them  will  therefore  be  referred  to  but  briefly.  Many  of  them  exist 
in  stratified  or  bedded  form.  Limestone,  building  stones,  some 
cement  materials,  and  some  ornamental  stones  occur  as  sedimentary 
or  metamorphic  rocks.  Slates  are  obtained  usually  from  beds  and  are 
quarried  in  much  the  same  manner  as  other  kinds  of  building  stone. 
Glass  sand  is  made  by  crushing  a  loosely  consolidated  sandstone  or  is 
obtained  from  beds  of  loose  sand.  Gravel  is  usually  found  in  more  or 
less  bedded  form  in  so-called  "  gravel  banks."  Volcanic  ash  and 
diatomaceous  earth  are  ordinarily  found  in  stratified  deposits  or 
beds.  Clays,  including  kaolin  and  fuller's  earth,  result  from  the 
accumulation  of  the  less  soluble  residues  of  the  decomposition  of  pre- 
existing rocks  and  minerals  and  are  obtained  almost  entirely  from 
bedded  deposits.  Some  clays  are  obtained  by  dredging  the  bottoms 
of  streams  or  lakes.  Kaolin  in  its  purest  form  results  from  the  de- 
composition of  pegmatitic  feldspar  in  place. 

Gypsum,  borax,  and  halite,  or  common  salt,  are  found  in  deposits 
that  are  related  with  respect  to  the  manner  of  their  geologic  occur- 
rence. They  are  found  most  abundantly  in  association  with  stratified 
rocks  and  are  regarded  as  chemical  deposits  resulting  from  the  evapo- 
ration of  waters  of  inland  seas  and  lakes.  Some  deposits  of  borax 
and  halite  occur  in  more  or  less  stratified  form  in  the  beds  of  present- 
day  salt  lakes  or  marshes.  Sulphur  deposits  large  enough  to  be  of 
economic  importance  occur  as  products  of  volcanic  activity  and  are 
found  near  volcanic  craters  and  also  near  some  hot  springs,  either 
active  or  extinct. 

Monazite,  owing  to  its  minute  crystalline  form  and  great  weight, 
occurs  in  greatest  quantity  where  it  has  been  concentrated  in  placer 
deposits. 

Talc  and  soapstone  are  very  soft  minerals  which  have  presumably 
resulted  from  the  alteration  of  other  minerals.  Soapstone,  a  talc 
schist,  occurs  with  other  rocks  of  various  kinds,  usually  crystalline  or 
metamorphic;  talc  occurs  in  beds  intercalated  in  schistose  limestone 
and  in  lenses  or  pockets  in  certain  intrusive  rocks. 

Many  minerals  exist  in  veins  or  in  the  form  of  lode  deposits. 
Quartz,  feldspar,  cryolite,  mica,  and  some  gems  are  found  in  veins 
in  crystalline  rocks.  The  strontium  minerals  occur  principally  in 
lenses,  in  granular  and  columnar  masses,  in  bedded  deposits,  and 
in  crystals  that  form  nests  and  geodes  in  limestone.  Fluorspar  is 
found,  as  a  rule,  in  veins  in  limestone,  gneiss,  schist,  and  sandstone. 
It  is  a  common  gangue  of  metallic  ores,  particularly  those  of  lead, 
zinc,  and  tin.  Barytes  occurs  in  veins  and  beds  associated  with  other 
ores,  as  well  as  in  veins  and  masses  in  limestone. 
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Pyrite  is  found  in  fissure  veins  and  along  the  bedding  planes  of 
sedimentary  and  metamorphic  rocks.  It  occurs  in  various  other 
forms  in  rocks  of  practically  all  kinds  and  ages.  Graphite  is  found 
mainly  in  the  older  crystalline  metamorphic  rocks  in  embedded  masses 
and  veins,  although  in  some  places  it  occurs  in  beds. 

Asbestos  is  an  alteration  product  found  in  veins  in  older  crystal- 
line rocks.  Magnesite  is  also  generally  regarded  as  an  alteration 
product  and  is  found  in  veins  as  well  as  in  bedlike  masses.  Some 
abrasives,  like  corundum,  emery,  and  garnet,  occur  in  small  crystals, 
principally  in  veins  in  igneous  and  metamorphic  rocks. 

Some  asphalt  impregnates  sands,  sandstones,  and  limestones  and 
occurs  in  veins  in  these  rocks.  Other  hydrocarbons,  such  as  gilsonite 
and  ozokerite,  are  found  in  veins  or  fissures,  usually  in  sandstones 
or  shales. 

Mineral  waters  are,  of  course,  obtained  from  springs;  and  some 
common  salt  and  sulphur,  as  well  as  the  materials  of  some  mineral 
paints,  are  obtained  from  deposits  fonned  by  the  evaporation  of 
spring  water.    Bromine  is  found  in  natural  brines  and  bitterns. 

Guano  occurs  in  massive  deposits,  which  in  some  regions  are  of 
considerable  thickness.  It  is  usually  found  in  caves  or  other  pro- 
tected places.  Peat  results  from  the  accumulation  in  bogs  of  plant 
remains  that  have  undergone  slight  modification  at  the  top,  althougii 
if  the  deposit  is  thick  its  lower  portion  may  have  been  reduced  to  a 
mass  somewhat  resembling  lignite. 

Sections  2320  to  2325,-  inclusive,  of  the  Bevised  Statutes  prescribe 
certain  rules  and  regulations  to  govern  the  location  and  patenting  of 
'*  mining  claims  upon  veins  or  lodes  of  quartz  or  other  rock  in  place 
bearing  gold,  silver,  cinnabar,  lead,  tin,  copper,  or  other  valuable 
deposits."  Section  2329  provides  for  "  claims  usually  called  '  placers,' 
including  all  forms  of  deposit,  excepting  veins  of  quartz  or  other 
rock  in  place,"  Thus,  although  the  minerals  in  the  foregoing  list 
exist  in  nature  in  beds,  in  veins,  in  massive  form,  or  as  liquids,  or 
even  in  more  than  one  of  these  forms,  the  law  divides  them  into  only 
two  great  classes — those  which  occur  in  veins  or  lodes  of  quartz  or 
other  rock  in  place  and  those  usually  called  placers,  including  all 
other  forms  of  deposits.  The  distinctions  as  to  mode  of  occurrence 
of  these  minerals  in  nature  are  considered  in  classifying  as  mineral  or 
nonmineral  the  lands  containing  them;  such  distinctions  are  the 
primary  factors  that  under  the  present  minins^  laws  must  be  consid- 
ered in  determining  the  law  under  which  the  deposits  may  be  acquired. 

A  large  part  of  the  information  heretofore  obtained  by  the  Geolog- 
ical Survey  regarding  these  minerals  has  been  gathered  in  reconnais- 
sance examinations  and  in  connection  with  reports  on  mineral  re- 
sources, with  the  result  that  in  most  of  the  areas  examined  much 
geologic  information  that  would  be  necessary  for  land  classification 
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has  not  been  obtained,  although  the  data  gathered  are  entirely  ade* 
quate  for  the  purposes  for  which  they  have  been  sought. 

No  particular  method  is  at  present  followed  in  the  field  examina- 
tion of  deposits  of  these  minerals,  and  there  is  no  necessity  for 
methods  materially  different  from  those  pursued  in  detailed  work 
on  other  metalliferous  or  nonmetalliferous  deposits.  Nor  do  the 
requirements  as  to  the  data  to  be  gathered  and  the  form  in  which  they 
should  be  assembled  differ  essentially  from  those  for  other  minerals. 
In  addition  to  the  location,  a  brief  description  of  the  nature  and  geo- 
logic structure  of  the  rocks  in  which  the  deposits  occur,  with  data 
regarding  the  thickness  and  succession  of  the  rocks,  their  dip  and 
strike,  the  extent  of  the  deposits,  and  analyses  of  the  material,  are 
all  important  in  the  examination  of  bedded  deposits.  In  the  consid- 
eration of  vein  deposits  data  regarding  the  character  of  the  vein, 
the  systems  and  directions  of  joints,  fissures,  and  fractures  which  may 
have  formed  the  ore  cavities,  the  dip  and  strike  of  the  veins,  the 
nature  of  the  gangue  material,  and  the  wall  rock  are  equally  im- 
portant. Statements  of  production  are  always  desirable.  The  ques- 
tion of  relative  value — ^that  is,  of  mineral  value  as  compared  with 
agricultural,  power,  or  other  values — ^must  be  considered  in  the  classi- 
fication of  some  lands  because  of  the  fact  that  the  laws  governing  the 
disposition  of  certain  minerals  refer  specifically  to  lands  that  are 
"  chiefly  valuable  "  therefor.  Other  factors,  some  or  all  of  which  are 
in  many  cases  to  be  considered  in  judging  the  relative  value  of  a 
mineral  deposit,  are  the  following: 

1.  Demand  for  the  mineral,  both  present  and  future. 

2.  Character  of  the  deposit ;  chemical  and  physical  properties  and  extent. 

3.  Location  with  reference  to  market  and  in  some  cases  to  fuel  supply. 

4.  Transi>ortation  facilities  and  rates. 

5.  Market  price  of  the  product 

6.  Whether  or  not  the  particular  deposit  possesses  other  peculiar  ndvantages 
rendering  It  more  valuable  than  like  deposits  in  the  region  and  elsewhere. 

The  character  of  the  deposits,  their  location,  and  the  transporta- 
tion facilities  influence  the  cost  of  production  by  their  effect  on  the 
cost  of  working  the  deposits,  the  cost  of  the  plant,  and  in  some 
places  the  cost  of  the  fuel  used  in  the  manufacture  of  the  product. 
These  factors  may  also  exert  a  most  important  influence  on  the  sell- 
ing price  of  the  output  by  their  effect  on  the  cost  of  placing  it  in  the 
market. 

If  the  earlier  geologic  examinations  had  been  made  with  a  view 
to  classification  more  precise  instrumental  work  and  a  record  of  all 
the  factors  outlined  as  having  a  bearing  on  the  deposits  would  have 
been  required.  No  attempt  has  yet  been  made  to  systemize  for 
purposes  of  land  classification  the  available  data  regarding  these 
minerals,  and  although  the  Geological  Survey  has  prepared  and  sub- 
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mitted  to  the  General  Land  Office  many  reports  that  have  been  a 
guide  to  action  by  that  office  and  have  been  equivalent  in  many 
cases  to  nonmineral  classification  and  in  a  few  cases  to  mineral 
classification,  no  withdrawals  and  no  formal  classifications  of  lands 
because  of  their  content  of  any  of  these  minerals  have  been  made. 
Although  such  minerals  are  useful  and  valuable,  they  are  not  in 
general  of  so  great  present  or  prospective  use  or  value  as  coal  and 
certain  other  nonmetalliferous  minerals  contained  in  lands  for  whose 
classification  more  specific  provision  has  been  made.  Practically  all 
minerals  are  of  some  value,  but  those  of  greatest  value  are  naturally 
those  which  have  the  greatest  present  or  future  use  and  which  are 
at  the  same  time  most  easily  or  profitably  marketable.  Sand,  for 
example,  is  of  great  use,  but  it  is  so  common  that  in  most  localities 
it  has  almost  no  market  value.  Therefore,  although  the  lands  con- 
taining the  nonmetalliferous  minerals  here  discussed  are,  at  the  dis- 
cretion of  the  President,  subject  to  withdrawal  and  classification 
under  the  act  of  June  25,  1910,  as  amended  by  the  act  of  August 
24,  1912,  there  is  no  such  public  need  for  segregating  these  lands 
as  there  is  for  segregating  lands  containing  deposits  of  such  min- 
erals as  coal,  oil,  potash,  and  phosphate.  Nevertheless,  should  it  be 
deemed  by  the  President  to  be  in  the  public  interest  to  withdraw  or 
to  classify  as  mineral  land  an  area  containing  any  of  these  deposits, 
because  of  a  public  need  for  a  present  or  a  future  reserve  supply, 
or  with  a  view  to  preventing  alienation  of  the  mineral  deposits  under 
laws  relating  to  nonmineral  land,  or  as  an  aid  to  future  disposition, 
liis  action  would  be  based  on  a  question  of  fact  which  it  is  the  prov- 
ince of  the  Geological  Survey  to  determine.  So  long  as  such  with- 
drawal or  classification  is  not  deemed  to  be  in  the  public  interest, 
however,  the  land  will  remain  open  to  exploration,  discovery,  occu- 
pation, and  purchase  under  the  mining  laws  unless  Congress  shall 
otherwise  provide. 

METALLIFEBOUS  MINERAL  LANDS. 
PURPOSE   OF    CLASSIFICATION. 

The  usual  object  in  view  in  a  consideration  of  the  classification  of 
nonmetalliferous  lands  as  mineral  land  is  to  obtain  their  temporary 
withdrawal  from  entry,  either  to  permit  their  appraisal,  as  in  the 
case  of  coal  land,  or  to  awnit  protective  legislation,  as  in  the  case  of 
potash  or  phosphate  land.  But  metalliferous  lands,  as  such,  are  not 
subject  to  withdrawal,  and  their  classification  is  directed  to  other 
objects,  which  will  be  indicated  by  a  brief  account  of  some  cases  that 
have  been  considered  by  the  Geological  Survey. 
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Perhaps  the  most  important  case  yet  considered  is  that  relating  to 
the  Northern  Pacific  land  grant.  Every  alternate  section  in  a  strip 
extending  40  miles  on  each  side  of  the  right  of  way  was  granted  to 
the  Northern  Pacific  Railroad  Co.  to  assist  it  in  constructing  a  trans- 
continental line,  but  the  act  provided  that  the  railroad  company 
should  not  receive  any  lands  that  were  valuable  by  reason  of  their 
content  of  mineral  deposits  other  than  coal  and  iron.  It  therefore 
became  necessary  to  classify  the  entire  grant  with  respect  to  its 
value  for  such  deposits,  and  in  practice  the  chief  problem  of  this 
classification  has  been  to  determine  the  presence  or  absence  of  valu- 
able metalliferous  deposits.  A  great  part  of  this  classification  was 
accomplished  by  specially  appointed  commissioners,  and  the  Greo- 
logical  Survey  had  no  part  in  the  work  until  1905.  In  that  year  a 
Survey  geologist,  accompanied  by  a  field  agent  of  the  Liand  OflBce, 
examined  a  large  portion  of  the  grant  lying  in  Idaho  and  Montana 
in  order  to  obtain  information  supplementary  to  that  on  which  the 
special  commissioners  had  recommended  a  mineral  classification  of 
the  greater  part  of  this  tract.  The  Survey,  however,  took  no  further 
action  regarding  that  particular  examination.  The  greater  part  of 
the  tract  was  classified  as  mineral  land  as  the  result  of  a  hearing 
before  the  register  and  receiver  at  Cvput  d^Alene,  Idaho,  but  this 
classification  was  set  aside  by  the  Commissioner  of  the  General  Land 
Office  on  petition  of  the  Northern  Pacific  Railway,  on  the  ground 
that  it  was  based  on  insufficient  field  work.  In  1910,  therefore,  an 
appropriation  was  made  by  Congress  (act  of  June  25, 1910;  36  Stat., 
703,  739)  for  a  new  and  much  more  thorough  examination,  for  mak- 
ing which  the  Commissioner  of  the  General  Land  Office  requested  the 
services  of  members  of  the  Geological  Survey.  Four  parties,  each 
comprising  a  geologist,  a  geologic  assistant,  and  the  necessary 
camp  hands,  devoted  the  field  season  of  1910  to  the  work,  which  was 
completed  in  the  season  of  1911  by  three  similar  parties.  The  result- 
ing classification,  however,  was  not  sufficient  to  decide  the  status  of 
all  the  lands  in  controversy.  The  railway  company  had  the  right  to 
contest  classifications  adverse  to  its  interests  and  exercised  this  right 
as  to  many  of  the  lands  which,  because  they  were  classified  as  min- 
eral, would  be  excluded  from  the  railroad  grant.  Hearings  on  the 
contested  classifications  are  held  before  the  registers  and  receivers  of 
the  appropriate  land  districts.  An  appeal  can  be  taken  from  the 
decision  of  these  officers  to  the  Commissioner,  and  from  him  to  the 
Secretary.  No  final  decision  has  yet  (February  28,  1913)  been  ren- 
dered concerning  any  of  the  classifications  of  the  Survey  that  are 
under  contest. 

The  Survey  has  also  been  required  to  classify  several  Indian 
reservations,  in  whole  or  in  part,  either  before  or  after  the  reserva- 
tions were  opened  to  settlement,  the  question  in  the  one  case  being 
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whether  or  not  the  lands  shall  be  allotted  to  the  Indians,  in  the 
other  what  kind  of  entry  or  settlement  on  them  shall  be  permitted. 
Lfands  valuable  for  minerals  are  withheld  from  allotment  to  In- 
dians, as  they  are  from  the  Northern  Pacific  Railroad  grant,  although 
for  Indian  lands  no  exception  of  coal  and  iron  is  made.  A  Survey 
geologist  was  engaged  during  the  summer  of  1912  in  classifying  the 
Flathead  Reservation  in  Montana  for  the  purpose  of  determining 
the  mineral  character  of  certain  lands  and  their  availability  for  allot- 
ment to  the  Indians,  and  many  other  classifications,  both  of  individ- 
ual allotments  and  of  entire  reservations,  have  been  reported  to  the 
Indian  Office. 

Before  Indian  lands  are  thrown  open  to  settlement  it  is  desirable 
to  know  what  parts  of  them  contain  valuable  mineral  deposits, 
in  order  that  these  parts  may  not  be  alienated  as  agricultural  land. 
Failure  to  classify  the  lands  in  advance  of  the  opening  of  the  reser- 
vations is  likely  to  result  in  conflict  between  agricultural  and  mineral 
claimants.  This  has  occurred,  for  example,  in  the  northern  part  of 
the  Colville  Reservation,  which  was  thrown  open  to  prospectors  in 
1898  and  to  agricultural  claimants  later.  Numerous  protests  made 
by  mineral  claimants  in  this  region  against  the  issuance  of  patents 
to  agricultural  claimants  have  aroused  the  bitter  resentment  of  the 
ranchers,  who  have  been  prevented  by  these  protests  from  getting 
final  patents.  An  examination  of  these  lands  for  the  purpose  of  de- 
termining whether  the  mineral  claims  showed  deposits  sufficiently 
valuable  to  entitle  the  claimants  to  mineral  patents  or  whether  these 
claimants  were  acting  in  bad  faith,  as  alleged  by  some  of  the  randi- 
ers,  was  accordingly  made  by  a  geologist  of  the  Survey  in  the  season 
of  1912 ;  and  during  the  same  season  the  unallotted  part  of  the  Col- 
ville Re»servation  was  examined  for  the  purpose  of  settling  conflicts 
between  mineral  claimants  and  Indian  allc^tees  and  of  classifying 
th^  remaining  unallotted  lands. 

Another  type  of  classification  has  arisen  of  late,  in  which  the  Sur- 
vey has  been  required  to  pass  upon  many  and  varied  individual 
cases  in  which  the  propriety  of  granting  patent  to  claimants  was  in 
doubt.  It  is  sometimes  suspected  that  attempt  is  being  made  to  ob- 
tain valuable  agricultural  or  timber  land  or  strategic  points  for 
power  development  by  the  subterfuge  of  a  mining  claim  on  land 
where  in  reality  no  mineral  deposit  of  substantial  value  has  been 
found.  On  the  other  hand,  there  is  sometimes  danger  lest  a*  valu- 
able lode  or  placer  deposit  be  covered  by  some  form  of  nonmineral 
entry.  If  these  cases  are  important  the  department  may  call  upon 
the  Survey  for  any  information  that  it  may  possess  concerning  a 
certain  tract,  or  it  may  even  direct  that  a  geologist  be  detailed  to 
make  a  special  examination.  One  case  of  this  type,  of  interest  as 
one  of  the  earliest  examples  of  land  classification  by  the  Geological 
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Survey,  was  the  determination  of  the  nonmineral  character  of  a 
"school  section"  on  the  edge  of  the  city  of  Tacoma,  Wash.  This 
detailed  examination  was  made  in  1895  and  resulted  in  the  defeat  of 
the  mineral  claimant,  who  had  attempted  to  obtain  under  the  placer 
law  nonmineral  land  possessing  large  suburban  value.  As  a  result 
of  the  decision  the  title  to  this  land  passed  to  the  State  of  Wash- 
ington. 

METHODS  OF  CLASSIFICATION. 


Classifications  promulgated  by  the  Survey  are  made  by  the  metal- 
liferous section  of  the  land-classification  board  and  are  based  on 
data  gathered  by  the  field  geologist  and  by  him  presented  to  the 
section.  Other  geologists  having  special  knowledge  of  the  area  or 
type  of  deposits^dS  consideration  may  be  called  in,  so  that  each 
classification  represents  the  best  scientific  and  technical  judgment  of 
the  Survey. 


PBOBZJBMB   JUVOZiVJUI. 


Each  classification  of  metalliferous  land  involves  one  or  both  of  the 
following  problems:  (1)  Whether  an  alleged  "discovery"  of  min- 
eral constitutes  valid  groimd  for  issuing  a  mining  patent;  (2)  whether 
certain  lands  are  without  value  for  their  metalliferous  minerals  and 
may  therefore  be  patented  under  the  laws  relating  to  nonmineral 
land.  The  first  problem  is  typically  presented  where  the  propriety  of 
issuing  patent  to  a  mineral  claimant  is  in  question ;  a  typical  example 
of  the  second  problem  is  that  presented  by  the  Northern  Pacific  land 
grant 

Evidently  the  first  problem  is  the  more  concrete  and  the  more 
readily  solved.  In  order  to  determine  the  validity  of  a  specific  min- 
eral claim  all  that  is  necessary  may  be  to  find  and  identify  the  claim 
and  to  estimate  the  value  of  the  lode  by  sampling.  The  most  difficult 
cases,  on  the  other  hand,  are  probably  those  that  involve  the  classifi- 
cation of  large  areas  in  which  little  prospecting  has  been  done.  In 
order  to  reach  an  intelligent  conclusion  in  such  a  case  evidence  of 
many  kinds  must  be  obtained,  the  gathering  and  effective  presentation 
of  which  may  involve  the  making  of  a  fairly  complete  topographic 
nnd  geologic  map,  a  task  which  only  a  geologist  can  effectively 
perform. 

In  actual  practice  few  cases  present  only  one  of  the  problems  stated. 
Even  if  the  main  problem  is  the  first  one  it  is  usually  desirable  that 
the  examiner  should  learn  something  of  the  general  geology  of  the 
district;  and  if,  on  the  pther  hand,  the  main  problem  is  the  second 
the  apparent  value  of  particular  claims  is  an  important  part  of  the 
evidence.    It  is  not  necessary  or  practicable,  therefore,  to  separate 
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the  two  main  groups  of  cases  in  the  detailed  account  of  field  methods 
that  follows,  despite  their  clearly  distinct  legal  status.  In  most  of 
the  cases  considered  nearly  all  the  kinds  of  information  to  be  enumer- 
ated are  used  to  a  greater  or  less  extent,  and  a  geologic  map  of  some 
kind  invariably  forms  a  part  of  the  record* 

The  metalliferous  deposits  examined  or  looked  for  in  most  of  the 
investigations  preceding  classification  are  veins,  magmatic  ore  bodies, 
contact-metamorphic  deposits,  and  bodies  formed  by  replacement.  In 
mining  law  these  deposits  are  usually  comprised  in  the  term  "  lodes," 
and  they  may  conveniently  be  so  designated  here.  Some  cases  have 
to  do  with  placer  deposits,  which  are  easier  to  examine  and  classify 
than  lodes. 


As  in  the  classification  of  nonmetalliferous  lands  and  geologic 
field  work  in  general,  it  is  the  duty  of  the  geologist,  before  he  takes 
the  field,  to  gather  information  about  the  geology  of  the  region  to  be 
examined  and  to  provide  himself  with  a  base  map.  Other  informa- 
tion that  is  especially  desirable  for  work  of  this  class  relates  to  the  lo- 
cation and  status  of  the  mining  claims  in  the  region.  This  is  the 
only  matter  that  requires  further  notice  here,  for  the  subject  of  base 
maps  has  been  discussed  elsewhere  (pp.  53-60)  and  the  utility  of 
geologic  information  is  self-evident. 

Plats  and  descriptions  of  patented  mining  claims  are  on  file  in  the 
offices  of  the  surveyors  general  of  the  several  States  and  in  the 
General  Land  Office  at  Washington.  These  show  accurately  the  posi- 
tion of  the  claims  with  reference  to  land  lines  or  location  monuments. 
Provided  with  copies  of  these  records,  the  examiner  is  able  readily 
to  find  the  patented  claims.  I^ss  complete  and  accurate  descriptions 
of  the  unpatented  claims  are  filed  in  the  offices  of  county  clerks 
with  the  first  records  of  location  and  the  affidavits  on  assessment 
work. 


LOCATION    AND    TOPOGRAPHY. 

The  methods  of  location  used  in  classification  of  this  kind  may 
be  any  of  those  described  on  pages  5^^-61.  Some  of  the  conditions  of 
classifying  metalliferous  land,  however,  influence  the  selection  of 
methods.  The  minute  accuracy  that  characterizes  much  of  the  work 
on  coal  land  is  not  often  necessary  in  work  on  metalliferous  deposits, 
and  it  is  therefore  feasible  to  use  comparatively  rough  methods  like 
that  of  the  pacing  traverse,  which  has  been  employed  to  a  consider- 
able extent.  Another  influential  fact  is  that  metalliferous  land  is 
more  likely  than  nonmetalliferous  land  to  be  situated  in  mountainous 
territory.    This  is  not  obvious  at  first  glance,  but  as  metalliferous 
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deposits  are  most  common  where  the  geologic  structure  is  complex, 
and  as  mountains  are  regions  of  upheaval  and  disturbance,  the  con- 
nection between  topography  and  mineral  wealth  is  real.  The  rugged- 
ne&s  of  the  areas  in  which  the  greater  part  of  the  work  of  classifying 
metalliferous  land  is  done  precludes  the  use  of  some  methods  that 
are  especially  adapted  to  work  in  a  flat  country,  such  as  that  in  which 
distance  is  measured  by  the  paces  of  a  horse.  The  plane  table  is 
much  used  in  open  country,  and  stadia  traverses  of  roads  or  streams 
are  sometimes  made  for  purposes  of  control. 

INYESTIQATION   OF   PLACEB  DEPOSITS. 

Geologic  relations. — ^Although  theory  is  not  so  important  in  rela- 
tion to  placer  deposits  as  in  relation  to  lodes,  the  physiographic  his- 
tory of  the  region  may  afford  some  guidance  in  the  search  for  valu- 
able placer  ground,  as  the  following  considerations  will  show. 

The  most  important  geologic  principle  relating  to  placers  is  that 
concentration  sufficient  to  make  a  valuable  deposit  has  usually  been 
the  result  of  long  and  perhaps  repeated  working  over  of  the  gravels 
by  streams.  Therefore,  other  things  being  equal,  well-washed  de- 
posits consisting  in  part  of  reworked  older  gravels  would  seem  most 
likely  to  be  rich  in  gold.  Moraines,  on  the  other  hand,  or  glacio- 
fiuviatile  deposits  close  to  the  place  of  their  origin  are  unlikely  to 
contain  gold  in  sufficient  concentration  to  be  extracted  with  profit. 

With  respect  to  the  distance  of  the  gravels  from  their  source,  how- 
ever, a  happy  medium  is  favorable.  Too  great  proximity  is  incon- 
sistent with  efficient  concentration,  but  the  gold,  except  in  extremely 
fine  division,  is  not  carried  so  far  as  the  gravels,  and  too  great  remote- 
ness from  the  source  is  therefore  also  unfavorable.  Gold-bearing 
placers  are  likely  to  show  a  definite  relation  to  such  areas  of  aurifer- 
ous bedrock  as  can  be  outlined;  they  are  partly  within  those  areas 
but  extend  beyond  their  borders  as  a  sort  of  fringe. 

Testing. — Although  a  knowledge  of  the  general  geology  and  physi- 
ography of  the  region  may  be  a  guide  in  the  search  for  placers,  the 
classification  of  land  as  valuable  placer  ground  is  always  supported 
by  more  direct  evidence,  for  the  reason  that  the  extent  and  value  of  a 
placer  deposit  can  be  determined  much  more  closely  than  those  of  a 
lode.  The  examiner  is  expected  to  pan  the  gravels  of  all  important 
streams  in  the  area  classified  in  order  to  obtain  evidence  regarding 
their  possible  value  as  placers  and,  incidentally,  evidence  regarding 
the  gold  content  of  the  bedrock  from  which  the  placers  have  been 
derived. 

Testimony  of  miners. — Owing  to  their  necessary  limitations,  the 
tests  made  by  the  examiner  must  be  supplemented  as  fully  as  possible 
by  the  testimony  of  miners  and  prospectors.    From  these  the  ex- 
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aminer  may  learn  the  tenor  of  the  gravels,  the  probable  extent  of  the 
pay  dirt,  and  whether  mining  has  been  profitable.  This  testimony 
may  be  taken  imder  oath,  if  the  examiner  has  power  to  administer  it, 
and  should  be  corroborated,  so  far  as  possible,  by  assay  certificates 
and  other  evidence.  A  geologist  is  able  also  to  criticize  the  testimony 
in  the  light  of  geologic  facts  and  would  perceive,  for  instance,  that 
an  assertion  that  morainal  gravels  had  been  worked  with  profit  would 
be  in  especial  need  of  corroboration. 

INYESTIOATION   OF   LODE  DEPOSITS. 

Kinds  of  evidence  available. — ^The  evidence  which  must  determine 
whether  land  is  to  be  classified  as  mineral  because  of  lode  deposits 
may  be  subdivided  as  follows:  (1)  General  geology;  (2)  occurrence 
of  valuable  minerals  or  gangue  minerals,  disseminated  or  in  veins, 
found  in  outcrops  or  float;  (3)  prospects  and  mines;  (4)  assays;  (5) 
history  of  the  region.  Evidence  of  the  first  two  classes  is  especially 
important  in  regions  that  have  not  been  thoroughly  prospected. 

General  geology. — Certain  geologic  conditions,  such  as  fissuring  of 
the  rocks,  are  generally  recognized  as  favorable  to  the  deposition  of 
ore  bodies;  others,  such  as  lack  of  deformation  and  very  young 
country  rock,  are  imfavorable.  But  ore  deposits  are  the  result  of  a 
happy  combination  of  several  factors,  and  it  may  be  difficult  to  c(hi- 
sider  these  factors  separately  and  determine  their  relative  weight. 
Of  two  districts  geologically  similar,  one  may  be  rich  and  the  other 
poor  in  ore  deposits,  because  of  some  difference  not  readily  perceived. 
The  most  general  cause  of  such  differences,  perhaps,  is  the  variation 
in  what  Chamberlin  and  Salisbury  call  the  "  diffuse  regional  concen- 
tration "  of  the  several  metals,  whether  in  sediments  or  magmas, 
which  is  presumably  the  cause  of  metallogenic  provinces. 

Now,  it  is  evident  that  geologic  conditions,  including  obscure  con- 
ditions that  may  be  largely  determinative,  are  more  likely  to  be 
similar  in  neighboring  than  in  widely  separated  areas.  Neighboring 
districts  are  the  more  likely,  for  one  thing,  to  be  in  the  same  metal- 
logenic province.  Therefore,  in  judging  whether  a  given  geologic 
condition  is  favorable  or  not,  the  investigator  should  especially  in- 
quire whether  it  seems  to  favor  the  deposition  of  ores  in  the  vicinity 
of  the  area  to  be  classified.  For  example,  if  ore  bodies  are  known  in 
one  locality  at  the  contact  of  a  batholithic  intrusion  with  a  certain 
limestone  formation,  it  is  probable  that  they  will  be  found  at  the 
contact  of  the  same  rocks  in  neighboring  localities. 

This  reasoning  by  analogy  may  form  one  of  the  arguments  in  sup- 
port of  a  mineral  classification,  but  it  can  rarely  be  made  the  sole 
ground  for  such  classification  of  a  large  area,  which  can  hardly  be 
successfully  defended  against  a  contest  unless  it  is  supported  by  some 
definite  discoveries  of  mineral,  made  by  prospectors  or  by  the  geolo- 
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gist  himself.  In  fact,  such  concrete  occurrences  of  mineral  are  likely 
to  have  even  more  weight  in  a  contest  than  strictly  geologic  evidence. 
It  may  pertinently  be  asked,  then,  what  special  qualification  for 
gathering  the  evidence  required  is  possessed  by  a  gex)logist  compared 
with  a  prospector  or  any  other  intelligent  observer. 

The  geologist  w^ould  perhaps  have  no  special  advantage  if  unlimited 
time  were  allowed  for  the  e;camination.  In  fact^  however,  the  time  is 
limited,  it  may  be  all  too  strictly.  It  is  impossible  within  the  time 
allowed  to  explore  every  square  foot  of  the  area,  and  therefore  obser- 
vation must  be  concentrated  where  deposits  are  most  likely  to  be 
found.  Now,  in  determining  what  places  are  best  worth  examination 
the  geologist  finds  abundant  practical  use  for  his  knowledge  both  of 
general  and  of  local  geology.  His  general  knowledge  teaches  him 
that  some  geologic  conditions  are  more  favorable  than  others  to  the 
formation  of  valuable  deposits,  and  he  distributes  his  attention  accord- 
ingly. He  does  not,  for  example,  waste  his  time  in  looking  for  quartz 
veins  in  undisturbed  rocks,  knowing  as  he  does  that  deformation  and 
fissuring  are  necessary  to  the  formation  of  veins.  The  special  knowl- 
edge of  the  region  which  he  may  already  have  or  which  he  is  prepared 
by  training  to  assimilate  rapidly  will  enable  him  to  recognize  in  the 
geologic  environment  of  the  ore  deposits  that  have  been  found  the 
details  that  are  significant.  If,  for  example,  most  of  the  known 
deposits  of  a  district  are  the  result  of  interaction  between  a  limestone 
and  an  igneous  intrusive,  the  geologist  will  presumably  be  quicker 
than  a  layman  to  recognize  this  fact  and  will  explore,  with  especial 
care  the  contacts  between  these  rocks  in  areas  near  those  which  have 
proved  productive.  The  geologist,  in  shorty  is  better  prepared  than 
the  layman  to  follow  clues. 

The  shorter  the  time  allowed  for  the  examination  the  more  decided 
the  advantage  of  the  geologist  over  the  man  without  geologic  training. 
An  exploration  sufficiently  thorough  to  discover  even  a  large  propor- 
tiwi  of  the  valuable  deposits  in  the  region  to  be  classified  is  rarely 
possible,  and  the  value  of  many  of  the  deposits  found  must  be  doubtful 
before  they  are  thoroughly  explored.  It  is  correspondingly  impor- 
tant, then,  that  the  fullest  and  most  reliable  inf ei^ences  be  drawn  from 
the  data  obtained  in  the  field. 

The  following  paragraphs  are  intended  to  show  what  kind  of 
geologic  evidence  the  examiner  seeks. 

Cowntry  rock. — ^The  broadest  generalizations  that  can  be  made 
regarding  the  influence  of  country  rock,  as  indeed  regarding  other 
geologic  factors,  are  of  negative  character.  It  is  safe  to  say  that  very 
young  unaltered  volcanic  rocks  or  imperfectly  consolidated  sediments 
are  unlikely  to  contain  metalliferous  lodes.  Further  than  this,  how- 
ever, the  probable  richness  of  a  formation  bears  no  direct  relation  to 
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its  age,  for  valuable  deposits  are  found  in  rocks  of  all  ages,  from  the 
Tertiary  to  the  most  remote. 

In  a  particular  district^  however,  the  ores  may  show  a  preference 
for  certain  rocks.  The  favorable  rocks  may  be  those  that  contain 
minerals  in  a  finely  disseminated  condition  which  may  be  valuable  if 
they  are  anywhere  sufficiently  concentrated.  Copper,  for  example, 
seems  to  be  a  constituent  of  some  basic  i^eous  rocks.  Ready  replace- 
ability,  or  the  power  of  reacting  vigorously  with  mineralizing  solu- 
ti(»is,  may  be  the  determining  favorable  factor ;  and  where  the  typical 
deposits  of  a  district  are  replacements  or  contact-metamorphic  de- 
posits calcareous  sediments  are  usually  more  favorable  than  others. 
Again,  the  presence  of  some  c(mstituent  which  acts  as  a  precipitant 
may  determine  the  concentration  of  a  valuable  mineral;  organic  mat- 
ter probably  precipitates  gold  under  some  conditions,  and  carlxma- 
ceous  slates  appear  to  be  a  common  country  rock  of  gold  deposits. 
Finally,  some  purely  physical  feature  may  be  determinative.  The 
hard  rocks  of  a  district  may  be  fissured  to  form  breccias  in  which  the 
ore-bearing  solutions  can  circulate  and  deposit,  while  fissures  in  soft 
rocks  would  be  clogged  with  impermeable  gouge ;  and  fissures  which 
are  large  and  persistent  in  massive  rocks  might  ramify,  on  entering 
fissile  rocks,  into  a  multitude  of  small  slips  parallel  to  tiie  bedding  or 
cleavage. 

Intrusions  and  metamorphism. — ^Although  the  nature  and  degree 
of  the  relation  between  igneous  intrusion  and  ore  deposition  are  still 
moot  points,  it  is  an  established  fact  that  ore  deposits  are  especially 
abundant  in  the  vicinity  of  intrusive  contacts.  Apart  from  strati- 
form deposits — such,  for  example,  as  those  of  iron  oxide — ore  bodies 
so  remote  from  intrusive  rocks  as  the  lead  and  zinc  deposits  of  the 
Mississippi  Basin  are  rather  exceptional,  though  not  so  exceptional 
as  to  make  absence  of  intrusives  a  sufficient  ground  for  classification 
of  land  as  nonmineral.  The  general  similarity  in  the  distribution 
of  ore  deposits  and  of  igneous  rocks  is  particularly  notable  in  the 
Western  States.  The  presence  of  igneous  intrusions  must  therefore 
be  considered  favorable,  in  general,  to  the  deposition  of  ores. 

Ore  bodies  related  to  intrusion  are  found  both  in  the  intrusive 
rock  itself  and  in  the  surrounding  sedimentary  rocks.  Those  which 
are  not  contact-metamorphic  deposits  in  the  strict  sense  are  not  more 
likely  to  be  at  the  immediate  contact  than  at  a  considerable  distance 
from  it.  The  central  portion  of  a  very  large  batholith  is  likely  to 
be  barren,  but  the  peripheral  portion  is  commonly  ore  bearing,  and 
all  of  the  denuded  portion  of  a  small  batholith  or  stock  is  likely  to 
contain  ore  deposits,  for  none  of  it  is  far  from  the  contact.  Large 
dikes  also  form  the  country  rock  of  many  ore  deposits.  The  ores  are 
formed  in  the  rocks  cut  by  the  intrusive,  not  only  within  but  beyond 
the  zone  of  contact  metamorphism. 
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Structure, — ^The  geologic  structure  of  most  mining  districts  is 
complex,  and  in  regions  of  nearly  horizontal  un  faulted  strata  metal- 
liferous lodes  are  scarce.  Deformation,  by  giving  rise  to  fault  fis- 
sures and  openings  along  bedding  planes,  probably  determines  the 
location  of  most  lodes  and  is  therefore  favorable,  in  general,  to 
the  deposition  of  metalliferous  ores. 

Faulting  is  of  greater  importance  in  the  formation  of  lodes  than 
folding.  Some  faulting  is  doubtless  a  prerequisite  to  the  formation 
of  fissures  transverse  to  the  bedding,  although  fault  fissures  along 
which  great  displacement  has  been  effected  are  not  commonly  filled 
with  veins  of  commercial  importance,  for,  inasmuch  as  they  are 
likely  to  be  choked  with  gouge  and  subject  to  repeated  movement, 
they  are  less  likely  to  be  ore  bearing  than  fissures  along  which  the 
displacement  has  been  slight  or  even  imperceptible.  Veins  are 
accordingly  looked  for  near  and  parallel  to  faults  of  large  throw 
rather  than  along  those  faults  themselves.  That  sort  of  faulting 
which  gives  rise  to  a  rather  coarse  breccia  is  perhaps  most  favorable. 
At  any  rate,  zones  of  brecciation  afford  the  best  clue  for  the  tracing 
of  small  faults  and  are  likely  to  be  mineralized.  They  are  therefore 
looked  for  and  examined  with  especial  care. 

Folding,  as  well  as  faulting,  may  give  rise  to  openings  in  which 
ores  may  be  deposited.  Saddle  reefs  constitute  the  most  common 
type  of  deposits  in  openings  thus  formed. 

Outcrops  and  float  of  lodes. — Outcrops  of  lodes  afford  the  most 
direct  evidence  of  mineral  value  that  can  be  observed  in  the  field 
apart  from  actual  development,  and  they  are  therefore  located  and 
described  with  as  great  care  as  is  practicable.  If  the  deposits  are 
veins,  the  direction  and  degree  of  persistence  are  determined  if  pos- 
sible ;  this  determination  is  particularly  important  if  the  classification 
must  be  close  in  the  matter  of  location,  but  it  is  also  important  if  in  a 
neighboring  region  veins  of  a  certain  direction  are  known  to  be  espe- 
cially rich.  Size  and  composition  are  other  features  noted.  Size 
affects,  of  course,  the  degree  of  value,  but  the  mineral  content  is  of 
more  immediate  interest  to  the  examiner. 

In  order  to  recognize  lodes  of  probable  value,  the  examiner  endeav- 
ors to  learn  as  much  as  possible  concerning  the  appearance  of  the  out- 
crops of  lodes  containing  valuable  minerals  and  familiarizes  himself 
with  the  minerals  likely  to  occur  in  the  extremely  oxidized  portions 
of  such  lodes.  Details  regarding  the  surface  indications  along  veins 
of  proved  importance  in  the  region  examined  are  sometimes  obtaineil 
from  prospectors  and  miners.  The  importance  of  these  indications 
may  be  very  great,  for  the  minerals  that  make  the  lode  valuable  may 
not  appear  at  the  surfajce.  More  commonly  than  not  the  primary 
sulphides  are  represented  at  the  surface  by  oxides  or  carbonates. 
The  thoroughly  weathered  portion  of  a  rich  lode  may  even  contain  no 
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compounds  of  the  valuable  metals.  This  is  especially  likely  to  be 
true  of  cc^per  deposits,  whose  upper  portions  are  commonly  trans- 
formed to  rusty  porous  masses  ccmtaining  quartz,  iron  oxide,  and 
other  substances  that  resist  the  action  of  the  weather.  This  material, 
which  is  known  as  ircm  capping  or  gossan,  may  contain  small 
amounts  of  the  bright  blue  and  gre^Q  copper  carbonates,  but  on  the 
other  hand  it  may  be  wholly  devoid  of  copper  minerals.  Many  lodes 
that  weather  to  a  gossan  and  others  that  are  composed  largely  of 
easily  weathered  minerals  do  not  project  above  the  surf  ace  and  are 
therefore  likely  to  be  overlooked.  If  a  lode  is  about  as  hard  as  the 
country  rock  its  outcrop  is  nearly  level  with  the  general  surface,  and 
the  position  of  a  lode  composed  of  soft,  easily  weathered  material  may 
be  marked  by  a  trench  instead  of  a  ridge.  Many  veins,  again,  have 
no  outcrop ;  they  are  covered  with  soil,  and  their  position  is  indicated 
only  by  floats  It  is  therefore  evident  that  both  careful  observation 
and  intelligent  inference  are  required  to  find  the  lodes  and  judge 
whether  or  not  they  are  likely  to  prove  valuable. 

The  proximity  of  lodes  containing  minerals  in  sufficient  concentra- 
ti(m  to  be  commercially  valuable  may  be  indicated  by  the  presence  of 
such  minerals  or  of  gangue  minerals  associated  with  them,  dissemi- 
nated through  the  country  rock  or  in  the  form  of  narrow  stringers. 
Some  minerals  comitionly  so  found  are  calcite,  pyrite,  siderite,  and 
chalcopyrite.  The  more  easily  weathered  minerals  are  likely  to  be 
represented  by  their  oxidation  products.  Siderite,  for  example,  is 
usually  and  pyrite  commonly  represented  by  pseudomcH^ihs  of  hy- 
drated  ferric  oxide.  Extensive  rusty  staining  of  the  country  rock 
therefore  causes  the  examiner  to  look  for  more  specific  evidence  of 
mineralization.  Other  characteristic  alterations  of  the  country  rock, 
such  as  leaching,  chloritization,  and  sericitizaticm,  commonly  occur 
along  the  walls  of  lodes  and  are  therefore  useful  as  clues. 

Probably  the  great  majority  of  prospectors'  discoveries  are  made 
by  following  float  ^  to  its  source,  and  mineral  classification  likewise 
may  rest  in  large  measure  upon  the  evidence  afforded  by  float.  Time 
will  not  always  permit  the  tracing  of  float  to  its  source,  and  the  ex- 
aminer must  then  be  content  with  inferences  drawn  from  the  char- 
acter and  situation  of  the  float  as  he  finds  it  In  any  case  the  first 
step  is  to  consider  how  the  float  probably  readied  its  actual  position. 
It  may  have  done  so  by  either  (1)  hill  creep,  (2)  water  transporta- 
tion, or  (3)  ice  transportation,  or  by  a  combination  of  any  of  these 
agencies. 

1.  Most  float  has  been  transported  to  its  present  position  by  hill 
creep,  which  is  constantly  active  on  every  slope.  Angular  float,  without 
marks  of  attrition,  which  does  not  lie  in  an  actual  or  formw  stream 

1  This  t(>rm  la  commonly  applied  by  prospectors  to  all  fragments  of  lode  matter  not 
^n  place,  boweyer  transported ;  it  wUl  be  used  in  this  sense  here. 
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channel  or  in  a  glaeiated  area  has  presumably  come  to  its  place  by  hill 
creep,  and  its  source  should  be  looked  for,  after  the  method  of  pros- 
pectors, by  following  it  straight  uphill.  Normally  the  parent  lode 
will  be  found  somewhere  between  the  point  where  the  float  was  dis- 
covered and  the  top  of  the  slope.  If  a  search  is  impracticable  the 
probable  source  may  perhaps  be  inferred,  on  the  same  principle, 
within  narrow  limits,  especially  if  a  good  topographic  map  is  avail- 
able; the  source  may  thus  be  assigned  to  a  particular  section  or  even 
to  a  smaller  subdivision.  Moreover,  the  probable  source  can  often  be 
judged  within  narrower  limits  than  those  set  by  the  distance  from 
the  point  of  discovery  and  the  top  of  the  slope.  The  small  fragments 
of  vein  quartz,  mingled  with  soil,  which  may  be  found  almost  any- 
where in  a  region  of  deformed  rocks,  are  likely  to  have  crept  down- 
hill for  a  long  distance;  but  large  blocks  of  quartz  thickly  strewn 
over  a  small  and  fairly  well  defined  area,  especially  an  elongated 
area  on  a  moderate  slope,  may  reasonably  be  presumed  to  have  come 
but  a  short  distance  from  a  vein.  It  is  evidently  necessary,  then,  to 
note  fully,  on  the  spot,  the  size  and  character  of  the  float  fragments 
as  a  help  in  judging  the  source ;  and  their  size  may  also  roughly  indi- 
cate the  thickness  of  the  parent  lode. 

2.  Rounded  fragments  or  bowlders  of  float,  especially  if  in  a  stream 
channel  in  an  unglaciated  area,  may  be  presumed  to  have  been  trans- 
ported by  water.  Float  of  this  character  is  also  frequently  followed 
by  prospectors  up  the  streams  and  slopes  to  its  source.  This  process  is 
too  slow  and  difficult  to  be  employed  often  by  the  examiner.  But 
stream-transported  float  may  ordinarily  be  assumed  to  have  origi- 
nated in  the  drainage  basin  where  it  is  found,  and  scrutiny  of  the 
stream  gravels  may  tell  the  examiner  what  to  look  for  in  a  particular 
basin. 

8.  Float  that  has  been  transported  by  glaciers  is  subject  to  much 
the  same  conditions  as  water-transported  float.  It  is  usually  to  be 
recognized  by  its  association  with  moraines  and  glacial  sculpture  but 
may  sometimes  be  confused  with  float  of  the  other  two  kinds.  It  is 
less  feasible  to  find  its  source  by  systematic  tracing  than  to  find  that 
of  other  float,  but  where  the  glaciation  is  local  the  parent  ledge  is 
likely  to  be  near  by  and  well  exposed. 

As  placer  deposits  are  really  one  form  of  float  in  the  broadest  sense, 
this  may  be  the  appropriate  place  to  point  out  their  value  as  indi- 
cating the  auriferous  character  of  the  country  rock  of  the  drainage 
basin  in  which  they  are  found. 

It  may  be  remarked,  finally,  that  exceptionally,  owing  to  migration 
of  divides  or  their  transgression  by  glaciers,  float  is  found  outside  of 
the  drainage  basin  in  which  it  originated.  This  is  most  likely  to  be 
true  of  old  stream  gravels. 
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Prospects  and  mdnes, — ^An  important  part  of  the  examining  geolo- 
gist's work  is  to  note  the  location  of  all  prospects  and  mines  and  to 
examine  all  of  them,  with  the  possible  exception  of  those  that  are 
well  known  as  producers.  The  most  obviously  useful  data  to  be  ob- 
tained from  mining  properties  concern  the  value  and  visible  quantity 
of  the  ore  and  the  production  if  the  property  is  producing.  The 
examiner  checks  one  against  another  his  own  observations,  the  infor- 
mation given  by  assay  certificates  and  smelter  returns,  and  the  tes- 
timony of  owners  or  mine  officials,  which  may  be  in  the  form  of  an 
affidavit  if  it  is  thought  desirable  by  an  examiner  who  is  empowered 
to  administer  an  oath. 

The  information  gathered  from  a  prospect  or  mine  may  do  much 
more  than  indicate  the  mineral  or  nonmineral  character  of  the  claim 
on  which  it  is  located  and  that  of  a  little  land  in  its  immediate 
vicinity.  The  most  useful  clues  may  be  obtained  in  opening?  which 
permit  comparison  between  the  appearance  of  a  lode  underground 
and  that  of  its  outcrop.  By  making  these  comparisons  the  examiner 
is  much  aided  in  recognizing  the  outcrops  of  important  lodes  that 
have  not  been  opened,  and  by  study  of  the  geologic  environment  of 
prospected  deposits  he  may  form  an  opinion  as  to  where  others  are 
most  likely  to  be  found. 

Samples  and  assays. — Ore  samples  and  assays  showing  their  value 
give  the  most  concrete  evidence  and  have  great  weight  at  public  hear- 
ings. To  obtain  abundant  samples  and  assays,  therefcHre,  is  one  of 
the  examiner's  chief  duties,  and  quantity  of  material  is  not  more 
important  than  full  information  indicating  its  value  as  evidence. 
Samples  collected  by  biased  persons  are  taken  only  too  often  either 
from  the  best  part  of  a  lode  or  from  the  worst  part,  or  even  from 
the  wall  rocks;  and  the  procuring  of  truly  representative  samples 
requires  both  judgment  and  honesty  on  the  part  of  the  examiner. 
Full  records  regarding  the  collection  of  the  samples  are  indispens- 
able. Even  after  every  precaution  is  taken  in  the  matter  of  collect- 
ing and  record  there  may  be  much  room  for  inference,  for  the  weath- 
ered, superficial  portion  of  a  lode,  which  alone  may  be  accessible,  is 
sure  to  differ  in  tenor  from  the  unweathered  portion  from  which  the 
valuable  metals  are  partly  or  chiefly  to  be  won.  Where  ores  of  the 
base  metals  are  concerned,  values  may  sometimes  be  estimated  by 
inspection  closely  enough  to  dispense-  with  assays.  Usually,  how- 
ever, and  especially  if  values  in  gold  and  silver  are  to  be  found,  the 
classification  of  any  large  tract  calls  for  many  assays,  and  material 
to  be  assayed  for  precious  metals  must  be  collected  with  special  pre- 
cautions. Each  sample  must  be  large  enough  to  suffice  for  several 
assays,  so  that  any  result  whose  accuracy  is  doubted  may  be  checked, 
and  the  material  must  be  broken  up  and  well  mixed  to  insure  its 
homogeneity  before  it  is  divided  into  portions. 
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The  Geological  Survey  does  not  make  assays,  not  being  provided 
with  the  proper  equipment  or  a  sufficient  force.  Its  assay  work  is 
therefore  done  by  custom  assayers  of  established  reputation. 

Histofy  of  the  region* — ^The  question  sometimes  arises  whether  the 
mining  possibilities  of  a  region  are  fairly  represented  by  the  extent 
to  which  it  is  developed.  If  a  region  contains  few  prospects  and  no 
mines,  or  if  many  of  its  prospects  have  been  abandoned,  is  it  or  is  it 
not  because  valuable  metalliferous  deposits  are  really  absent?  Some 
light  may  be  shed  upon  this  problem  by  the  history  of  the  region. 

If  the  region  has  long  been  accessible  and  is  known  to  have  been 
well  prospected,  lack  of  development  should  have  some  weight  against 
classification  of  land  as  mineral.  It  must  be  considered,  on  the  other 
hand,  whether  local  prejudice  against  some  kind  of  country  rock  or 
gangue  material  may  not  have  lessened  the  value  of  prospecting,  or 
whether  the  region  may  not  contain  deposits  of  a  kind  that  has  not 
been  looked  for. 

Abandonment  of  prospects  may  not  always  indicate  the  worthless- 
ness  of  the  lodes ;  it  is  sometimes  due  to  the  miner's  failure  to  recognize 
valuable  ores.  Many  metal  prospectors  have  little  knowledge  of  the 
appearance  of  ores  other  than  those  of  gold,  silver,  copper,  and  lead 
and  do  not  always  recognize  the  secondary  ores  of  copper,  lead,  and 
zinc.  For  this  reason  the  dumps  of  abandoned  mines  may  reveal 
ores  of  rarer  metals  or  others  not  formerly  used  or  commonly  searched 
for  by  prospectors. 

Mining  methods  and  facilities  often,  of  course,  determine  the  suc- 
cess or  failure  of  a  mine,  and  it  is  proper  to  consider  in  every  case 
whether  abandonment  may  not  have  been  caused  by  inefficient  mining, 
crudity  of  methods,  or  difficulty  of  transportation.  The  transpor- 
tation problem  may  be  largely  disregarded,  for  if  a  region  develops 
good  metalliferous  deposits  transportation  is  pretty  certain  to  be 
provided  in  time,  but  the  presence  or  absence  of  roads  and  trails  has 
an  important  bearing  on  the  accessibility  of  the  region,  which  in 
turn  is  a  factor  of  prime  importance  in  deciding  whether  the  absence 
of  prospecting  indicates  the  absence  of  valuable  deposits. 

BT-PBODUCTS  OF  UINEBAI«-LAND  CLASSIFICATION. 
VALUE  OF  COLLATERAL  INFORMATION  OBTAINED. 

The  process  of  classifying  the  public  lands  as  to  their  mineral  char- 
acter involves  the  gathering  of  a  large  amount  of  information  which 
is  not  only  essential  to  the  classification  but  valuable  for  other  rea- 
sons. Furthermore,  the  accuracy  and  completeness  of  field  observa- 
tion necessary  for  classification  afford  an  opportunity  to  record  many 
facts  which  are  entirely  extraneous  to  the  classification  itself  but 
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which  may  be  now  or  at  some  later  time  of  interest  and  value  in  other 
ways.  These  "  by-products  "  of  the  process  of  land  classification  are 
of  many  kinds.  Some  are  of  value  to  home  seekers  and  the  public  at 
large,  others  directly  concern  engineers  and  mining  men,  and  still 
others  are  of  present  interest  chiefly  to  scientists. 

DATA   OP  DIRECT  INTEREST  TO   THE  PUBLIC   AT  lARGE. 

While  all  infoiination  obtainable  concerning  the  public  domain  is 
of  ulterior  interest  to  the  people,  information  relating  to  such  matters 
as  the  surface  features,  water  supply,  and  character  of  the  soil  of  a 
piece  of  land  may  prove  to  be  of  vital  importance  to  the  present  or 
prospective  settler.  It  is  not  practicable  for  the  Geological  Survey 
to  make  an  exhaustive  study  of  these  features,  but  in  the  work  of 
classification  a  certain  amount  of  such  information  is  always  recorded. 
Thus,  a  map,  supplemented  by  a  written  description,  of  each  town- 
ship examined  for  its  mineral  content  is  placed  in  the  Survey  files, 
showing  in  a  rough  way  the  agricultural  character  of  the  country. 
From  these  records  it  is  possible  to  tell  whether  a  section  of  land  is 
suitable  for  dry  farming  or  is  adapted  only  to  grazing,  to  obtain  some 
idea  of  the  number  and  size  of  the  trees  upon  it,  or  to  prepare  a  pre- 
liminary report  as  to  its  irrigability. 

The  field  men  engaged  in  work  relating  to  land  classification  also 
record  the  position  and  size  of  all  springs  and  water  holes  which  they 
may  find.  This  information  is  of  direct  value  to  the  settler,  but  it 
also  has  another  more  general  use.  The  more  valuable  agricultural 
lands  of  the  public  domain  are  rapidly  passing  into  private  owner- 
ship under  the  various  settlement  laws.  It  is  recognized  that  most  of 
the  lands  remaining  are  chiefly  valuable  for  grazing  or  other  uses  not 
dependent  on  tillage,  although  the  present  laws  do  not  adequately 
provide  for  their  acquisition  for  these  other  uses.  Congress  has 
already  given  consideration  to  this  problem  and  will  dbubtless  reach 
a  solution  of  it  within  the  next  few  years.  One  of  the  most  important 
factors  to  be  considered  in  arriving  at  that  solution  will  be  the  rela- 
tion of  the  watering  places  to  the  range  lands,  for  such  lands  can  not 
be  used  without  an  accessible  water  supply.  The  accumulation  of 
these  data,  therefore,  in  addition  to  being  immediately  useful  to 
settlers  and  others,  will  be  valuable  in  solving  one  of  the  public-land 
problems  now  confronting  our  lawmakers. 

In  studying  and  mapping  a  coal  or  phosphate  bed  it  is  necessary 
also  to  observe  rather  closely  the  geologic  structure  or  attitude  of 
the  inclosing  rocks.  In  some  areas  structure  may  have  no  bearing 
on  mineral-land  classification  and  yet  may  be  valuable  in  deter- 
mining the  probability  of  obtaining  a  good  well  or  of  striking 
artesian  water.    The  principles  governing  the  flow  of  underground 
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water,  though  not  generally  understood  by  the  layman,  are  yet  com- 
paratively simple,  and  a  glance  at  the  geologic  map  of  a  region  may 
indicate  at  once  the  most  favorable  locality  for  sinking  a  well.  As 
a  minor  illustration  of  the  value  of  such  information  may  be  men- 
tioned the  fact  that  one  of  the  geologists  of  the  Survey  had  occasion 
during  the  summer  of  1912  to  advise  two  newly  arrived  settlers  in 
the  ceded  lands  of  the  Crow  Indian  Reservation,  Mont.,  to  sink 
their  wells  on  the  east  side  of  a  ridge  rather  than  on  the  west  side, 
as  they  had  intended,  because  of  the  simple  geologic  fact  that  the 
rocks  dip  slightly  to  the  east  and  the  water  follows  down  the  dip, 
as  is  proved  by  the  numerous  springs  on  the  east  side  and  the  few 
on  the  w^est.  Such  information  is,  of  course,  only  of  local  applica- 
tion, but  as  the  western  country  becomes  more  thickly  settled  and 
questions  relating  to  city  water  supply  arise,  information  of  this 
kind  gathered  for  the  primary  purpose  of  land  classification  may 
prove  to  be  of  considerable  value. 

Miscellaneous  data  of  these  types  are  utilized  in  various  ways. 
Such  of  them  as  can  with  propriety  be  so  used  may  be  published  in 
the  bulletins  iiv  which  the  geologic  material  assembled  in  the  course 
of  land  classification  is  made  available  for  public  use.  Others,  al- 
though not  published  and  not  used  in  mineral-land  classification, 
are  of  the  greatest  value  to  the  department  in  administering  laws 
relating  to  nonmineral  land,  like  the  enlarged-homestead  act,  the 
desert-land  law,  or  the  Carey  acts.  Still  others  represent  merely  the 
accumulation  of  data  likely  to  be  needed  if  certain  moot  questions 
concerning  public  lands  are  to  be  decided  by  future  legislation.  All 
these  actual  or  prospective  uses,  however,  either  directly  or  indirectly 
concern  the  public  at  large. 

DATA   RELATING   TO   PROSPECTING   AND   MINING. 

Information  regarding  the  character,  location,  and  extent  of  each 
stratum  of  economic  importance  in  the  area  examined  forms  a  large 
part  of  the  data  on  which  classification  is  based.  This  information 
is  published  by  the  Survey  in  special  bulletins  or  in  the  annual 
"Contributions  to  economic  geology."  A  study  of  the  map  and 
of  the  plates  of  sections  taken  on  the  coal  beds  in  any  field,  for  ex- 
ample, will  indicate  to  the  prospective  operator  the  most  favorable 
location  for  a  mine,  and  the  text  includes  observations  concerning 
the  cover  of  the  bed,  the  character  of  the  roof  and  floor  rocks,  and 
the  general  structure,  including  faulting,  of  the  inclosing  strata. 

Aside  from  the  local  and  particular  facts  recorded  for  each  area, 
as  this  work  progresses  the  extent  and  character  of  each  of  the  great 
mineral-bearing  provinces  are  being  accurately  determined  and  more 
and  more  comprehensive  and  definite  data  concerning  the  mineral 
wealth  available  for  the  Nation's  use  are  being  gathered. 
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The  study  of  the  rock  structure  in  an  area  is  valuable  not  only 
in  relation  to  its  water  supply,  as  has  been  indicated,  but  also  as 
bearing  on  the  occurrence  of  oil.  The  accumulation  of  oil  and  gas 
in  the  strata  is  governed  by  laws  which  are  probably  akin  to  those 
which  direct  the  movement  of  water,  and  a  knowledge  of  the  rock 
structure  is  therefore,  as  a  rule,  of  great  assistance  in  the  location 
of  an  oil  well.  Some  new  oil  fields  have  been  prospected  and  opened 
almost  entirely  on  geologic  evidence  of  this  kind.  It  has  also  hap- 
pened that  the  details  of  rock  structure  observed  in  a  field  examined 
merely  for  coal  have  been  found  to  have  an  entirely  new  applica- 
tion and  significance  in  subsequent  prospecting  for  oil.  In  view  of 
this  close  interrelation  of  geologic  phencmiena,  therefore,  the  field 
geologist  carefully  records  all  the  facts  he  observes  in  the  course 
of  his  work,  even  though  they  appear  to  have  no  present  bearing 
on  the  subject  of  land  classification. 

SCIENTIFIC   DATA. 

Data  of  interest  at  the  present  time  chiefly  to  the  scientist  form 
another  important  "  by-product "  of  the  process  of  land  classifica- 
tion. It  is  difficult,  however,  to  select  any  group  of  facts  as  being 
of  strictly  scientific  value  alone,  for  new  discoveries  may  at  any  time 
enlarge  their  significance  and  impart  to  them  an  unexpected  economic 
importance.  Many  facts  are,  moreover,  of  equal  interest  to  the 
pure  scientist  and  to  the  engineer  or  the  layman,  so  that  while  a 
great  amount  of  scientific  information  has  been  collected  in  the  work 
of  land  classification  during  the  last  six  years,  the  purely  economic 
value  of  much  of  it  has  already  warranted  the  necessary  expense. 

Many  data  concerning  the  areal  extent  of  different  geologic  forma- 
tions have  been  gathered  in  the  last  few  years  and  will  be  of  use 
in  connection  with  the  geologic  map  of  the  United  States  which  the 
Survey  is  now  engaged  in  constructing.  The  stratigraphic  relations 
of  the  formations,  their  composition,  and  their  fossils  constitute  the 
only  chronicle  of  conditions  which  have,  at  different  times  and  divers 
places,  existed  on  the  earth.  From  this  record  some  idea  can  be 
gained  of  the  former  geography  of  the  country,  of  the  great  earth 
movements  such  as  culminated  in  the  formation  of  the  Rocky  Moun- 
tains, of  the  climatic  conditions  which  formerly  existed,  and  of  the 
ancient  plants  and  animals.  These  matters  are  at  present  chiefly 
of  philosophic  interest,  but  it  has  been  by  the  accumulation  of  such 
facts  in  the  past  that  science  has  been  enabled  to  render  valuable 
aid  to  mining  and  other  industries.  Furthermore,  information  of 
this  kind,  while  perhaps  of  little  present  interest  to  the  average  lay- 
man, is  of  vital  importance  to  the  teachers  of  science  in  the  univer- 
sities of  the  coimtry.  As  a  case  in  point  may  be  mentioned  the  recent 
discovery,  by  a  Survey  geologist  engaged  in  the  classification  of  coal 
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lands  in  New  Mexico,  of  a  great  unconformity  which  separates  into 
two  formations  a  great  thickness  of  strata  that  had  hitherto  been 
considered  as  a  unit.  This  discovery  is  important  not  only  on  account 
of  its  strictly  scientific  bearing,  but  because  it  indicates  that  high- 
grade  coking  coal  occurs  in  rocks  of  comparatively  recent  (Eocene) 
i»ge. 

It  therefore  appears  that  much  important  and  diversified  informa- 
tion is  obtained  in  this  way.  Science  is  continually  garnering  facts 
against  the  time  when  their  economic  importance  will  appear,  or 
when  they  may  be  correlated  with  other  facts  to  furnish  a  broad 
hypothesis  which  may  profoundly  affect  methods  of  prospecting  or 
developing  some  mineral,  such  as  oil.  In  addition,  much  local  infor- 
mation of  direct  and  immediate  value  to  the  mine  operator  or  pros- 
pector is  so  gathered.  Finally,  the  best  obtainable  record  of  the 
topography,  water  resources,  and  soils  of  the  area  examined  is 
officially  made.  While  the  classification  of  public  land  is  the  im- 
mediate object  of  the  work  described  in  this  bulletin,  it  is  evident 
that  such  work,  because  of  its  exacting  requirements  as  to  accuracy 
and  thoroughness,  furnishes  the  best  possible  basis  for  valuable  scien- 
tific generalizations. 

CLASSIFICATION  IN  RELATION  TO  WATER  RESOURCES. 

GENERAL  FBINGIFLES  OF  WATEB  UTILIZATION. 

One  of  the  most  important  factors  in  the  development  and  use  of 
the  remaining  public  lands  within  the  United  States  is  water  supply. 
The  development  of  power,  the  extension  of  agriculture  and  grazing, 
the  growth  of  mineral  industries,  transportation,  and  various  other 
activities  depend  directly  on  the  quantity  and  quality  of  the  under- 
ground and  surfa(?e  waters  in  what  is,  generally  speaking,  an  arid 
region.  To  dispose  of  or  to  administer  the  remaining  public  lands 
without  reference  to  their  water  supply  is  to  ignore  that  natural 
resource  which  will,  perhaps  more  than  any  other,  affect  their  future 
utilization. 

Water  is  unique  among  the  mineral  resources  of  the  earth  in  that, 
within  natural  limits,  its  supply  is  continually  replenished  and  is  there- 
fore, in  a  large  way,  inexhaustible.  That  is  to  say,  within  the  limits 
of  the  natural  yield  of  a  basin  a  certain  minimum  quantity  of  water 
will  be  available  year  after  year  in  any  river  channel  for  irrigation, 
for  city  supply,  or  for  power,  as  may  be  required.  Aside  from  the 
inherent  value  of  the  water,  the  ownership  of  an  important  source 
of  water  supply  becomes  of  the  greatest  consequence,  for  such  owner- 
ship carries  with  it  a  measure  of  control,  for  an  indefinite  time,  of 
all  industries  dependent  on  that  particular  source. 
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Statutes  and  court  decisions  both  recognize  that  water  should  be 
devoted  to  its  highest  use,  and  the  laws  of  many  States  provide  for 
the  condemnation  of  an  inferior  use  in  the  interest  of  a  higher  one. 
Such  laws  generally  recognize  a  municipal  or  domestic  use  of  water 
as  the  highest  which  may  be  made,  because  of  its  necessity  in  the  sup- 
port of  life.  Next  in  order  comes  the  use  of  water  in  agriculture  for 
irrigation,  whereby  the  available  food  supply  is  affected.  The  use  of 
water  for  iK)wer,  though  important  and  valuable,  is  inferior  to  either 
municipal  use  or  use  for  irrigation  and  may,  in  ^general,  be  con- 
demned if  necessary  to  insure  higher  utilization.  The  greatest  value 
of  a  source  of  water  supply  at  any  particular  time  will  depend,  how- 
ever, on  the  demands  for  domestic  or  municipal  use,  on  the  proximity 
of  a  tract  of  arable  land  adapted  to  agriculture,  and  on  the  quantity 
of  power  that  may  be  developed  and  the  availability  of  a  market 
for  it.  Such  value  may  change  with  the  development  of  the  country, 
making  necessary  the  abandonment  of  established  industries  in  order 
that  the  water  may  be  available  to  supply  a  greater  need.  Changes  in 
use  will,  however,  follow  the  economic  law,  as  the  damage  to  estab- 
lished industries  must  be  paid  for,  and  to  that  extent  the  cost  of  the 
water  for  other  use  will  be  enhanced. 

Important  conditions  are  inherent  in  the  use  of  water  for  various 
purposes.  Its  use  for  power  affects  neither  its  quality  nor  its  quan- 
tity, but  its  use  for  irrigation  depletes  its  quantity  and  its  municipal 
or  domestic  use  not  only  depletes  its  quantity  but  impairs  its  quality. 
Various  uses  may  be  and  in  many  places  are  compatible  with  one 
another.  In  other  places  the  conflict  in  use  may  be  only  partial. 
Many  of  the  most  advantageous  sites  for  developing  power,  which,  un- 
der conditions  of  modern  long-distance  transmission,  are  not  depend- 
ent on  a  near-by  power  market  for  their  value,  are  located  in  the  upper 
portions  of  river  basins,  where  the  slopes  are  steepest  and  where 
demands  for  other  use  are  not  likely  to  be  made.  Under  such  condi- 
tions the  water  may  be  utilized  in  a  power  plant  or  a  series  of  power 
plants  and  still  be  available  for  other  purposes  by  the  sacrifice  of 
only  so  much  of  the  power  head  as  may  be  necessary  to  obtain  ade- 
quate pressure  in  the  pipes  of  the  city  water  mains  or  to  maintain  the 
elevation  of  canals  required  to  cover  irrigable  lands.  In  similar 
manner  water  that  has  been  used  for  a  municipal  supply  may  still 
be  available,  as  sewage,  for  a  certain  amount  of  irrigation.  The 
equalization  of  the  stream  flow  in  order  to  insure  a  continuous  output 
of  power  will  in  general  increase  the  value  of  the  stream  for  munici- 
pal use.  The  use  of  water  for  irrigation,  on  the  other  hand,  is  limited 
to  the  growing  season  and  requires  the  concentration  of  flow  in  ac- 
cordance with  the  needs  of  crops  during  that  season.  The  complete 
utilization  for  irrigation  of  a  stream  whose  flow  has  been  equalized 
for  power  will  make  necessary  storage  below  the  power  plant  of  the 
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flow  of  the  nonirrigation  season  in  order  to  render  it  available  for 
the  irrigation  of  crops  in  the  following  growing  season.  The  practi- 
cability of  such  storage  and  redistribution  of  flow  will  depend  on 
local  topography  and  must  be  determined  for  each  locality.  The  con- 
ditions which  affect  the  present  and  future  practicable  utilization  of 
water  are  therefore  very  complicated,  and  the  classification  of  land 
as  regards  its  water  resources  is  correspondingly  difficult. 

In  general  the  development  and  use  of  valuable  power  sites  involves 
the  construction  of  expensive  systems  for  transmitting  the  power  to 
distant  markets  and  distributing  it  among  small  customers.  A  water- 
power  development  can  be  most  fully  utilized  and  therefore  has  its 
greatest  value  when  connected  into  a  system  containing  other  hydro- 
electric or  steam-power  plants,  because  a  large  system  will  generally 
have  relatively  uniform  power  requirements  on  account  of  the  varied 
use  of  the  power  and  also  a  relatively  flexible  power  output  on  ac- 
count of  the  steam  plants  and  of  the  storage  capacity  which  may  be 
available  in  connection  with  some  or  all  of  the  water-power  plants. 
In  view  of  these  condition;3  the  combination  of  power  plants  into  big 
systems  is  natural  and  tends  to  more  economical  and  more  complete 
utilization  of  the  power  resources.  As  a  duplication  of  such  a  power 
system  in  any  territory  is  uneconomical  and  in  general  is  impracti- 
cable, a  monopoly  of  the  power  market  results,  and  such  monopoly,  if 
subject  to  proper  public  control,  should  be  encouraged.  Monopolistic 
tendencies  in  the  control  of  water  resources  entail  difficulties  and  dan- 
gers that  have  been  recognized  by  Congress,  as  manifested  by  the 
laws  governing  rights  of  way,  especially  for  the  purpose  of  develop- 
ing and  transmitting  power,  on  or  across  the  public  lands. 

The  protection  of  the  people  against  the  possible  bad  effects  of 
monopoly  and  the  retention  of  control  of  the  use  of  this  important 
source  of  power,  which  may  be  expected  to  increase  in  value  with  the 
decrease  in  available  fuels,  is  at  present  accomplished  by  the  United 
States  through  ownership  of  the  land  which  is  required  for  the  use 
of  the  water  resources.  Congress  has  provided  no  means  for  the 
alienation  of  power  lands  as  such  and  has  sanctioned  their  use  for 
commercial  purposes  only  under  a  limited  permit  revocable  by  the 
secretary  of  the  department  having  jurisdiction.  It  provided  for 
rights  of  way  for  power-transmission  lines  under  the  same  law  but 
by  a  later  act  has  authorized  a  fixed  tenure  for  a  period  not  exceed- 
ing 50  years. 

CLASSIFICATION  OF  WATEB-POWEB  SITES. 
PRELIMINARY   WITHDRAWALS. 

The  classification  of  lands  as  water-power  sites  and  their  reserva- 
tion under  the  acts  authorizing  withdrawals  is  in  general  first  made 
in  the  absence  of  detailed  examination  to  determine  power  value  and 
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is  of  a  preliminary  or  tentative  character.  Examination  in  the  field 
provides  a  satisfactory  basis  for  final  classification  and  adjustment  of 
withdrawals.  The  following  paragraphs  relate  more  particularly 
to  preliminary  classification  and  withdrawal  but  describe  also  the 
routine  procedure  followed  and  records  prepared  in  all  withdrawals 
for  power-site  purposes. 

The  principal  steps  taken  in  connection  with  the  making  of  power- 
site  and  reservoir  withdrawals  are  as  follows: 

1.  Initiation  of  search  for  possible  power  or  reservoir  sites.  The 
possibility  of  the  existence  of  valuable  power  resources  is  brought 
to  the  attention  of  those  charged  with  the  duty  of  recommending 
withdrawals  through  general  probability  that  such  sites  may  exist, 
through  requests  for  report  on  the  possibility  of  there  being  such 
sites,  or  through  information  as  to  the  {K>ssible  existence  of  such  sites 
derived  from  reports  of  field  employees  of  the  G^logical  Survey  or 
other  offices,  from  news  items,  from  newly  published  maps,  from  the 
filing  of  applications  for  rights  of  way,  and  from  other  sources. 

In  general  the  initiative  in  the  premises  is  taken  by  the  Geological 
Survey,  but  it  not  infrequently  occurs  that  some  power  company 
intending  to  make  surveys  for  a  hydro-electric  development  in 
new  territory  requests  the  withdrawal  of  the  lands  likely  to  be 
occupied.  Tlie  purpose  served  by  withdrawal  of  such  lands  is  two- 
fold. The  valuable  power  sites  that  might  otherwise  be  alienated 
as  nonmetalliferous  claims,  timber  and  stone  entries,  agricultural 
entries,  or  for  some  other  purpose,  are  retained  in  public  owneiship, 
and  the  company  or  person  eventually  developing  the  i-esource,  pre- 
sumably but  by  no  means  necessarily  the  one  who  requested  the 
withdrawal,  is  protected  from  the  intervention  of  other  rights  and 
has  merely  to  acquire  the  necessary  rights  from  the  United  States 
instead  of  from  the  United  States  and  a  host  of  persons  who  mi^t 
otherwise  have  succeeded  to  ownership  of  the  land. 

2.  Estimation  of  character  and  value  of  probable  development  and 
appi:oximate  description  of  the  lands  under  consideration.  This  step 
involves  an  examination  of  existing  data  on  stream  flow  and  rainfall, 
as  well  as  of  maps,  engineering  reports,  and  all  other  available  sources 
of  information.  In  some  cases  information  definite  and  conclusive 
in  character  may  be  brought  to  light.  On  the  other  hand,  it  fre- 
quently happens  that  estimates  of  stream  flow  must  be  based  on 
nothing  more  reliable  than  conditions  of  run-off  in  basins  many  miles 
distant  and  that  estimates  of  available  head  for  power  development 
must  be  derived  from  elevations  at  scattered  points  culled  from  rail- 
road folders  and  similar  data  of  doubtful  applicability. 

3.  Examination  of  status  of  lands  and  definite  description  of  lands 
to  be  included  in  the  order  of  withdrawal.  The  lands  presumed  to 
be  valuable  for  power  or  reservoir  sites  are  platted  on  township  plats 
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of  the  public  survey  or  tracings  of  them,  and  the  status  of  the  lands 
as  to  ownership  is  ascertained  by  examination  of  the  records  of  the 
General  Land  Office  and  indicated  on  the  township  plats  or  tracings. 
All  patented  lands  are  eliminated  from  further  consideration.  Lands 
which  are  covered  by  location  or  entry  but  title  to  which  still  remains 
in  the  United  States  are  included  in  withdrawals  to  the  end  that  the 
order  of  withdrawal  may  become  eflfective  if  for  any  reason  the  lands 
do  not  proceed  to  patent.  Such  withdrawal  in  no  way  affects  the 
rights  of  an  entryman  who  proceeds  with  the  acquisition  of  his  claim 
in  accordance  with  the  law,  but  it  immediately  becomes  operative  in 
case  the  claim  is  abandoned  or  for  any  reason  becomes  invalid. 

Definite  description  of  the  surveyed  lands  to  be  withdrawn  is  made 
by  legal  subdivisions  in  conformity  with  the  official  survey.  Unsur- 
veyed  lands  are  described  by  townships  and  some  lands  in  town- 
ships that  are  partly  surveyed  by  sections,  in  accordance  with  the 
probable  protraction  of  the  public  survey ;  also  by  distance  from  the 
stream  or  streams  having  value  as  a  source  of  power,  in  some  such 
phrase  as  ^^  all  land  within  half  a  mile  of  Snake  River." 

All  withdrawals  are  so  made  as  to  include  the  least  area  that  will 
effectively  protect  the  resources  involved.  Where  data  are  meager  or 
defective  the  withdrawals  are  at  first  necessarily  of  relatively  great 
extent  but  are  eventually  reduced  as  more  definite  and  reliable  data 
are  acquired.  The  area  of  the  land  to  be  withdrawn  in  each  town- 
ship is  compiled  from  the  plats  of  the  public  survey,  or  estimated  for 
unsurveyed  lands,  and  the  total  area  of  the  withdrawal  is  computed. 

4.  Preparation  of  order  of  withdrawal.  The  draft  of  a  formal 
order  of  withdrawal  is  next  prepared,  together  with  a  letter  to  the 
Secretary  of  the  Interior  transmitting  the  order  and  recommending 
its  approval.  On  approval  by  the  Secretary  of  the  Interior  orders 
of  withdrawal  are  transmitted  to  the  President  for  his  consideration 
and  become  effective  on  his  approval.  The  following  order  is  typical 
of  the  present  form  of  withdrawals  under  the  acts  of  June  25,  1910 
(36  Stat.,  847),  and  August  24, 1912  (37  Stat,  497) : 

Depabtment  of  the  Intebiob, 

United  States  Geological  Subvey, 

October  12,  1912, 
The  honorable  the  Secbetabt  of  the  Intebiob. 

Sib:  In  accordance  with  your  general  instruction,  I  recommend  the  with- 
drawal for  water-power  sites  of  the  following  areas,  involving  240  acres.  This 
order  of  withdrawal  Includes  no  lands  covered  by  enlarged-homestead  designa- 
tions. 

Very  respectfully,  Geo.  Otis  Smith, 

Director. 

Octobeb  19,  1912. 
Respectfully  referred  to  the  President  with  favorable  recommendation. 

Samuel  Adams, 
Acting  Secretary. 
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JOwder  of  Withdrawal. 

Power-Site  Reserve  No.  299. 

Mill  Creek,  California. 

Under  and  pursnant  to  the  proyisions  ot  the  act  ot  OongresB  approyed  June 
25,  1910  (36  Stat,  847),  entitled  "An  act  to  authorize  the  President  of  the 
United  States  to  make  withdrawals  of  public  lands  in  certain  cases,"  as  amended 
by  the  act  of  Congress  approved  August  24,  1912  (37  Stat,  497),  it  is  hereby 
ordered  that  the  following  described  lands  be,  and  the  same  are  hereby,  vritb- 
drawn  from  settlement,  location,  sale,  or  entry  and  reserved'  for  water-power 
sites: 

Mount  Diablo  meridian. 

T.  26  N.,  R.  1  W.,  sec.  24,  SB.  J  of  SB.  i ; 

sec.  26,  SB.  i  of  NE.  h  SW.  i  of  NW.  h  NW.  i  of  SW.  \ ; 
sec.  32,  S.  i  of  SW.  i. 

Wm.  H.  Taft, 
OcTOBEB  18,  1912.  President. 

Orders  of  withdrawal  affecting  lands  within  Indian  reservations, 

made  under  sections  13  and  14  of  the  act  of  June  25,  1910  (36  Stat, 

855,  858),  are  forwarded  to  the  Secretary  of  the  Interior  through  the 

Office  of  Indian  Affairs.    The  following  order  illustrates  the  form  in 

which  such  withdrawals  are  now  made: 

Defabtmbivt  of  the  Intebiob, 

United  States  Geological  Survey, 

Washington,  May  23,  1912. 
The  honorable  the  Secbetabt  of  the  Interiob 

(through  the  Commissioner  of  Indian  Affairs). 
Sib:  In  accordance  with  your  general  instructions,  I  recommend  the  with- 
drawal for  water-power  sites  of  the  following  areas,  involving  approximately 
6,817  acres  (in  the  Blackfeet  Indian  Reservation). 

Very  respectfully,  H.  C.  Rizeb, 

Acting  Director. 

June  18,  1912. 

I  concur  in  the  above  recommendation. 

R.  G.  Valentine. 
Commissioner  of  Indian  Affairs. 

Obdeb  of  Withdbawal. 

Power-Site  Reserve  No.  275. 

St  Mary  River  Tributaries,  Montana. 

It  Is  hereby  ordered  that  the  following  described  lands,  valuable  for  power 
sites,  be,  and  the  same  are  hereby,  reserved  from  location.  «itry,  sale,  allot- 
ment, or  other  appropriation  In  accordance  with  the  provisions  of  the  net  ap- 
proved June  26.  1910  (36  Stat,  856),  and  that  no  trust  or  fee-simple  patent  be 
issued  as  regards  these  lands  until  further  orders: 
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Montana  meridian, 

[Description  of  l^nds.] 

Samuel  Adams, 
June  22,  1912.  First  Assistant  Secretary. 

Withdrawals  of  this  form  receive  the  concurrence  of  the  Commis- 
sioner of  Indian  Affairs  before  being  forwarded  to  the  Secretary  of 
the  Interior  and  become  effective  on  approval  by  the  Secretary,  no 
action  by  the  President  being  contemplated  by  the  law. 

Copies  of  approved  orders  of  withdrawal  are  furnished  to  the 
Geological  Survey,  to  the  Office  of  Indian  Affairs  if  affecting  Indian 
lands,  and  to  the  General  Land  Office,  and  notification  thereof  is  sent 
to  the  local  land  office  of  each  district  in  which  the  reserved  lands  are 
located.  Notation  of  the  withdrawal  is  thereupon  made  on  the  tract 
records  of  the  General  and  local  land  offices.  Thereafter  entries 
inconsistent  with  the  purpose  of  the  withdrawal,  except  under  the 
mining  laws  pertaining  to  metalliferous  minerals,  are  rejected.  Modi- 
fications of  a  withdrawal  may,  however,  be  made  to  permit  the  allow- 
ance of  an  application  that  will  subserve  the  purpose  of  the  with- 
drawal or  that  involves  a  more  beneficial  use  of  the  land  than  could 
be  had  under  the  purpose  of  the  withdrawal.  Withdrawals  therefore 
in  no  way  interfere  with  the  proper  development  of  the  resources 
involved  but  tend  toward  their  most  complete  and  beneficial 
utilization. 

5.  Preparation  of  minutes.  At  the  time  each  order  of  withdrawal 
is  prepared  minutes  are  written  setting  forth  the  object  sought  to  be 
attained  by  the  withdrawal,  the  extent  and  value  of  the  resources 
involved,  the  data  on  which  the  withdrawal  is  based,  and  other  perti- 
nent facts.  Orders  of  withdrawal  are  numbered  consecutively  in 
chronologic  order,  and  successive  withdrawals  on  any  stream  are  also 
given  consecutive  numbers  in  connection  with  the  stream  name.  The 
various  sets  of  minutes  for  withdrawals  on  any  stream  therefore  con- 
stitute a  concise  statement  of  its  value  for  power  or  reservoir  sites 
and  of  the  data  relating  thereto. 

6.  Office  records.  When  notice  of  the  approval  of  an  order  of  with- 
drawal is  received  at  the  Survey,  the  withdrawn  area  is  plotted  and 
numbered  on  a  General  Land  Office  State  map.  A  township  card  is 
prepared  for  each  township  affected,  showing  the  location  of  the 
stream  and  indicating  the  legal  subdivisions  withdrawn  and  the 
number  of  the  withdrawal.  If  more  than  one  withdrawal  is  made  in 
a  township,  the  card  is  prepared  so  as  to  show  the  withdrawals  sepa- 
rately and  constitutes  a  graphic  record  of  all  withdrawals  and  restora- 
tions of  withdrawn  lands.  The  numbers  and  dates  of  recommenda- 
tion and  approval  of  all  power-site  withdrawals  and  restorations 
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involved  are  tabulated  on  the  back  of  the  card.    The  front  of  a  typical 
township  card  is  shown  in  figure  8. 

In  a  ledger  kept  for  withdrawals  and  restorations  are  noted,  when 
the  order  is  prepared,  the  number  and  area  of  the  withdrawal  or 
restoration  and  the  date  of  the  recommendation  of  the  Greological 
Survey.  The  date  of  approval  is  also  noted  in  the  ledger  when  the 
copy  of  the  approved  order  is  received. 
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FioDRB  8. — Typical  township  card  Illustrating  action  taken  by  United  States  Geoloslcal 

Survey  on  power  sites. 

The  complete  record,  of  the  Survey  relating  to  a  power-site  with- 
drawal consists  of  the  following  items : 

(a)  Order  of  withdrawal,  filed  by  withdrawal  number  and  therefore  chrono- 
logically. 

(&)  Minutes,  filed  by  number  of  withdrawal  and  therefore  chronologically. 

(c)  Township  plats  showing  status  of  lands  as  to  ownership,  filed  in  binders 
by  number  of  withdrawal  and  arranged  by  principal  meridian,  range,  and 
township. 
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(d)  Township  cards  showing  the  extent  and  date  ot  withdrawals  and  restora- 
tions, filed  by  States  and  arranged  by  principal  meridian,  range,  and  township. 

(e)  Mounted  State  map  on  which  withdrawals  and  restorations  are  platted. 
(/)  Withdrawal  ledger  in  which  is  kept  a  chronologic  record  of  withdrawals 

and  restorations  showing  the  nnmber,  area,  date  of  recommendation,  and  date 
of  approval. 

METHODS  OF  FIELD  EXAMINATION. 
'  DIWBSITT  OV  OOHDXTZOm. 

The  examination  of  lands  and  conditions  along  any  stream  for  the 
purpose  of  locating  a  feasible  power  site  is  a  fairly  common  and 
well-defined  engineering  operation.  The  examination  of  lands  and 
conditions  for  the  purpose  of  otassifying  the  lands  according  to 
"^  power  value,"  as  the  expression  is  interpreted  in  this  bulletin,  is 
quite  another  matter.  In  the  first  case,  the  effort  is  made  to  locate 
one  or  more  sites  that  appear  best  adapted  for  development  under 
the  prescribed  conditions  of  cost  and  prospective  market  which 
prevail  at  that  particular  time.  The  study  is  concentrated  on  the 
lands  that  will  be  involved  in  that  particular  development.  In  the 
second  case,  all  the  lands  in  public  ownership  adjoining  or  near  the 
stream  are  presented  for  consideration,  and  the  problem  is  to  deter- 
mine whether  any  or  all  of  these  lands  could  be  used  in  the  develop- 
ment of  any  feasible  power  site.  Moreover,  the  feasibility  can  not 
be  settled  on  the  basis  of  present  limitations  of  development  but 
must  be  determined  according  to  what  are  believed  to  be  the  limi- 
tations of  a  future  day,  when  water  power  will  be  a  more  vital  factor 
in  our  economy  than  it  is  now  and  when,  by  reason  of  increased 
demand,  a  development  whose  unit  cost  would  now  be  too  great 
would  become  thoroughly  practicable.  Power  sites  are  classified 
according  to  their  future  possible  utility  as  well  as  according  to 
their  present  value. 

There  are  other  features  which  still  further  broaden  the  scope  of 
an  investigation  of  the  kind  here  described.  It  is  necessary  to  de- 
termine whether  the  lands  examined  may  not  be  more  beneficially 
devoted  to  the  use  of  water  for  dcxnestic  supply  or  for  irrigation 
than  for  power,  and  whether  their  use  for  power  may  not  be  preju- 
dicial to  the  other  uses  at  the  site  in  question  or  at  some  other  site 
more  or  less  remote. 

It  must  also  be  determined  in  many  cases  whether  the  land  itself, 
irrespective  of  any  distant  lands  which  may  be  served,  is  of  more 
value  for  agriculture  or  as  a  town  or  manufacturing  site  than  as  a 
power  site.  Such  a  consideration  applies  especially  to  lands  that 
may  be  suitable  for  storage  reservoirs.  Usually  the  civic,  industrial, 
or  rural  improvements  that  have  previously  been  made  in  a  reservoir 
site  largely  control  the  decision  on  this  point,  but  the  cases  in  which 
such  influences  are  absent  are  still  relatively  frequent.    Therefore 
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the  field  of  investigation  again  spreads  beyond  the  actualities  of  the 
present  and  an  estimate  of  prospective  events  must  be  made. 

Finally,  it  must  not  be  forgotten  that  human  activities  are  not 
confined  to  the  utilization  of  water — ^that  a  community  which  pro- 
duces must,  if  its  products  are  of  value,  have  suitabl6  means  of 
transportation.  Therefore  it  frequently  occurs  that  consideration 
must  be  given  to  the  relative  usefulness  of  a  piece  of  land  as  a  power 
site  or  as  a  right  of  way  for  a  railroad.  In  some  places  the  bottom 
of  a  canyon  that  is  suitable  for  power  development  or  a  basin  that 
is  suitable  for  a  reservoir  is  also  an  advantageous  railroad  route. 
Although  it  is  usually  possible  to  locate  an  alternate  railroad  route, 
the  cost  of  utilizing  it  may  be  so  great  as  to  outweigh  the  advantages 
that  may  accrue  from  development  of  power  along  the  stream.  It 
is  thus  necessary  to  appraise  the  relative  values  and  ccmiparatire 
costs  and  choose  the  course  that  is  or  is  likely  to  become  of  the 
highest  human  benefit. 

The  classification  of  lands  for  water-power  sites  therefore  requires 
a  broad  perspective,  and  it  comprehends  the  study  of  so  many  variable 
conditions  and  prospective  changes  in  public  demand  that  mistakes 
are  easily  made  and  mature  consideration  is  always  necessary.  Field 
examination  naturally  falls  into  two  classes.  The  first  is  recon- 
naissance, made  in  response  to  urgency.  The  second  is  final  and  de- 
tailed and  involves  all  the  precision  of  instrumental  work  and  the 
careful  deductions  made  possible  thereby. 

BBOONNAISaAHOB  XZAMIKATZOK. 

A  suitable  report  on  a  water-power  site  classification  should  cover 
as  many  of  the  subjects  listed  in  the  following  syllabus  as  may  be 
relevant : 

I.  Sources  of  data  used  in  report  : 

1.  Personal  examination — route  followed  and  time  consumed. 

2.  Water-supply  pai)ers. 

3.  Maps. 

4.  Reports  of  engineers. 

5.  Miscellaneous. 

II.  General  introductory  description,  Including  location  as  to  State,  rlTers, 
cities,  township,  and  range. 

III.  Description  of  the  power  developments  and  possibilities  on  the  river, 

showing  by  sketch  on  best  available  maps  location  of  dams,  power 
canals,  and  power  houses  already  constructed  and  possible  location  of 
these  essential  features  for  other  power  developments.  Ownership 
of  plants  already  constructed  and  use  made  of  the  power. 

IV.  Physical  characteristics: 

1.  Topography  at  dam  site. 

2.  Relation  of  tract  to  a  possible  power  development  described  under 

III  above. 

3.  Head  available,  how  secured,  whether  by  dam  or  by  dam  and  canal. 

4.  Character  of  dam  sites,  holding  ground  for  canals,  and  site  for  power 

house. 
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V.  Water  supply: 

1.  General  description  of  drainage  area. 

2.  Actual  records  if  available,  sbowiuf?  maximum,  minimum,  nml  mean 

discharge  for  each  month,  also  absolute  seven-day  minimum  for 
the  year. 

3.  Storage  already  developed. 

4.  Storage  possibilities : 

(a)  Location  of  reservoir  slte& 

(&)  Height  of  dam. 

(c)  Capacity  of  reservoir. 

5.  Prior  water  rights  above  and  below  power  site. 

6.  Ice  conditions  during  winter  months : 

(a)  Without  storage. 
(&)  With  storage. 
VI.  Possible  power  development : 

1.  Horsepower  at  wheel  shaft  (without  storage). 

2.  Horsepower  at  wheel  shaft  (with  storage). 
VII.  Cost  of  power  development: 

1.  Cost  of  diversion  or  forebay  dam. 

2.  Cost  of  canals. 

3.  Approximate  cost  of  complete  installation   [)€r  horsepower  devel- 

oped: 
(a)  Without  storage. 
(B)  With  storage. 
VIII.  Market  for  power; 

1.  Present 

2.  Future. 

3.  Length  of  transmission  lines,  etc 
IX.  Suggestions  and  recommendations: 

1.  Relative  to  lands  withdrawn. 

2.  Relative  to  other  public  land  which  has  or  may  have  value  for  devel- 

opment or  transmission,  of  power. 
X.  Appendixes: 

1.  Water-supply  records. 

2.  Maps. 

3.  Pictures. 

Before  entering  upon  field  ^ork  the  hydraulic  engineer  should 
collect  all  available  topographic  and  hydrometric  data  relating  to 
the  stream  under  investigation.  For  many  streams  the  topographic 
data  may  be  obtained  from  the  United  States  Geological  Survey 
topographic  sheets,  the  United  States  Land  OflSce  township  plats, 
county  and  other  maps,  or  railroad  location  surveys  and  profiles. 
Study  should  also  be  made  of  the  precipitation  records  collected  by  the 
United  States  Weather  Bureau  and  the  river-discharge  records  made 
by  the  United  States  Geological  Survey  and  by  private  citizens. 
After  obtaining  in  advance  as  much  information  as  may  be  available, 
the  engineer  proceeds  to  the  field.  His  instrumental  equipment 
usually  consists  of  hand  level,  steel  tape,  aneroid  barometer,  com- 
pass with  sight  alidade,  and  camera.  In  some  investigations  it  is  nec- 
essary to  carry  a  current  meter.  These  instruments  and  the  notes, 
maps,  and  other  data  procured  in  advance,  together  with  a  map  or  de- 
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scription  of  the  locations  of  the  public  land  along  the  stream  valley, 
constitute  the  working  equipment.  The  engineer  travels  by  wagon, 
on  horseback  with  pack  outfit,  by  boat,  or  on  foot,  as  the  conditions 
may  require,  and  his  personal  equipment  is  made  appropriate  to 
the  conditions. 

The  engineer,  after  examining  all  the  lands  in  the  stream  valley 
and  studying  the  relation  of  the  critical  features  to  the  public  lands, 
constructs  what  may  be  called  a  mental  picture  of  the  situation  in 
its  most  productive  condition  of  water-power  development.  He  also 
works  out  the  variations  which  might  be  made  in  his  plan  of  de- 
velopment,  knowing  well  that  no  other  engineer  covering  the  same 
ground  independently  would  conceive  the  identical  plan  of  develop- 
ment that  he  would.  It  is  even  necessary  for  the  engineer  to  con- 
sider plans  and  possibilities  that  may  appear  to  him  impracticable 
or  fantastic^  for  the  serious  proposal  of  such  plans  is  a  frequent 
occurrence  in  the  routine  experience  of  the  department,  and  a  rela- 
tively superficial  glance  over  the  country  gives  evidence  that  many 
such  plans  have  been  put  into  effect.  Especially  is  it  necessary  for 
the  engineer  to  gather  local  information  concerning  proposed  de- 
velopments of  all  kinds  and  to  obtain  as  many  working  details  of 
such  developments  as  may  be  possible.  To  this  end  it  is  frequently 
essential  to  follow  up  rumors  of  prospective  development  Although 
most  of  these  rumors  may  prove  inconsequential,  they  now  and  then 
lead  to  information  whose  importance  fully  compensates  for  the 
time  spent  on  rumors  that  have  no  basis  in  fact 

If  the  engineer's  investigations  show  that  the  slope  of  a  river 
along  a  certain  section  affords  a  i^orking  head  which,  in  connection 
with  the  known  or  supposed  flow  of  the  stream,  indicates  the  possi- 
bility of  a  power  site,  he  determines  in  a  rough  way  the  method  or 
methods  by  which  that  site  may  be  utilized.  It  is  unnecessary  for 
him  to  make  final  location  surveys,  because  the  fact  that  the  power 
site  exists  is  usually  sufKcient  for  the  purposes  at  hand.  The 
particular  method  of  development  will  eventually  be  determined 
largely  by  the  state  of  the  science  at  the  time  the  development  is  to 
be  made.  It  is  recognized  that  the  details  of  location  and*equipment 
depend  on  the  progress  attained  at  the  time  of  construction.  We 
know,  for  example,  of  many  old  developments  which  if  constructed 
to-day  would  be  of  an  entirely  different  type. 

The  standards  of  capacity  which  warrant  the  withdrawal  of  public 
lands  for  power  sites  vary  with  the  location,  and  in  many  cases  the 
decision  rests  largely  on  the  abundance  of  power  sites  in  the  imme- 
diate region.  A  stretch  of  river  having  a  fall  of  10  feet  to  the  mile 
may,  in  regions  where  power  sites  are  not  abundant,  be  worthy  of 
withdrawal,  whereas  a  similar  stretch  in  a  region  abundantly  sup- 
plied with  sites  of  greater  capacity  may  not  be  of  sufficient  in>- 
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portance  for  departmental  action.  The  determination  of  tlie  proper 
course  is  difficult,  for  the  question  of  feasibility  must  be  partly  an- 
swered with  regard  to  future  conditions.  All  the  factors  discussed 
in  the  beginning  of  this  section,  such  as  domestic  water  supply,  irri- 
gation, and  transportaticm,  must  be  borne  in  mind,  and  it  is  impera- 
tive that  the  engineer  remember  the  fact  that  Government  control  of 
a  small  amount  of  land  may  be  quite  as  effectual  in  the  ultimate 
control  of  the  development  at  the  power  site  as  if  every  element  of 
that  site  were  in  public  ownership.  A  small  tract  of  land,  even  a 
fractional  subdivision,  located  within  a  storage-reservoir  site  or 
along  a  diversion  right  of  way  has  been  sufficient  to  determine  the 
control  of  the  development.  Having  reached  a  decision  on  all  the 
points  above  discussed,  the  engineer  makes  appropriate  report. 

Detailed  surveys  ai%  not  attempted  in  reconnaissance  work.  Ap- 
proximate cross  sections  are  taken  at  possible  dam  sites  and,  after 
the  most  feasible  height  of  the  dam  is  determined,  a  rough  estimate 
of  the  area  that  would  be  submerged  is  made  by  means  of  the  hand 
level.  Where  no  profile  of  the  stream  channel  is  available,  the  fall 
over  a  short  distance  is  determined  with  an  aneroid  barometer.  This 
instrument,  however,  must  be  used  with  caution,  especially  during 
changeable  weather.  Photographs  of  all  the  critical  points  are 
taken.  The  possible  dam  sites  suitable  for  storage  or  for  diversion 
having  been  located  and  the  type  of  development  roughly  determined, 
it  is  then  necessary  to  consider  the  run-off.  If  the  problem  is  ohe  of 
storage,  it  will  be  sufficient  to  know  the  approximate  mean  annual 
run-off ;  the  height  of  the  storage  dam  can  then  be  so  fixed  that  the 
capacity  of  the  reservoir  may,  as  nearly  as  practicable,  be  sufficient 
to  afford  complete  control.  Of  course,  as  a  rule,  sufficient  storage 
capacity  is  not  available,  yet  on  the  other  hand  there  are  situations 
in  which  the  dam  might  be  raised  to  a  height  that  would  give  greater 
storage  capacity  than  is  necessary.  In  case  no  storage  is  to  be  pro- 
vided, the  mean  daily  flow  of  the  stream  must,  if  possible,  be  deter- 
mined in  order  that  the  primary  power  capacity  of  the  site  may  be 
appraised.  If  the  available  site  is  located  in  a  canyon,  it  becomes 
necessary  to  determine  within  reasonable  limits  whether  the  maxi- 
mum fall  may  be  secured  by  a  low  diversion  dam  and  conduits  or 
whether  it  would  be  more  economical  to  obtain  the  necessary  height 
by  the  construction  of  a  high  dam. 

Much  of  the  land  along  the  streams  of  the  West  has  passed  into 
private  ownership,  and  where  good  facilities  exist  for  the  develop- 
ment of  water  power  or  the  diversion  of  water  for  irrigation  private 
interests  may  have  established  rights  to  the  use  of  the  water.  An- 
other complication  on  many  streams  consists  in  the  location  of  rail- 
road rights  of  way.    Thus  the  problem  of  land  classificatibn  may  be 
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greatly  complicated,  and  considerable  thought  and  good  judgment 
are  required  to  determine  on  a  plan  whereby  the  stream  may  be  uti- 
lized to  a  reasonable  capacity  and  the  vested  rights  already  acquired 
by  private  owners  may  not  be  violated.  Many  of  the  power  plants 
already  installed  use  only  a  small  percentage  of  the  maximum  avail- 
able power.  In  such  cases  either  the  plans  for  ultimate  maximum 
power  development  involve  the  utilization  and  enlargement  or  im- 
provement of  such  plants  or  they  are  omitted  from  consideration,  it 
being  assumed  that  when  the  demand  for  power  increases  to  a  certain 
point  ordinary  commercial  procedure  will  settle  all  questions  relative 
to  the  destiny  of  power  plants  in  operation. 

In  case  a  railroad  is  already  constructed  parallel  to  the  stream, 
plans  for  immediate  development  must  avoid  any  interference  with 
the  railroad  rights.  Few  plans  that  would  require  relocation  of  rail- 
roads are  feasible  under  present  market  conditions,  but  the  future 
demand  for  power  will  probably  change  the  aspect  of  the  case,  and 
on  this  account  the  problem  is  treated  as  if  the  railroad  did  not  exist, 
it  being  assumed  that  whenever  the  demand  for  power  is  sufficient  to 
justify  the  expense  of  railroad  relocation  the  power  will  be  de- 
veloped. It  is  quite  as  desirable  to  provide  means  for  future  control 
by  the  Government  in  such  an  event  as  it  is  to  provide  such  control 
in  situations  where  no  complications  of  this  kind  exist.  Therefore, 
an  important  part  of  the  field  work  consists  in  the  determination  of 
possible  relocations,  so  that  in  fixing  the  value  of  any  land  reserved 
for  a  power  site  the  department  may  have  information  whereby  it 
can  render  an  opinion  as  to  the  possibility  and  cost  of  relocating  such 
lines  as  are  already  constructed  or  as  to  the  feasibility  of  requiring 
the  relocation  of  rights  of  way  for  which  application  may  subse- 
quently be  made. 

DSTAIXiBD  VZXIJ>   ZWBBlZZOATXOn. 

Investigations  of  detailed  character  are  made  to  obtain  data  for 
final  departmental  action.  The  statements  in  the  preceding  section 
indicate  that  the  chief  object  of  the  reconnaissance  work  is  to  locate 
lands  suitable  for  power  sites.  The  capacity  of  the  power  sites  is 
determined  in  connection  with  such  work  largely  for  the  purpose 
of  justifying  the  preliminary  withdrawal  of  the  lands  from  entry. 
Incidental  information  of  a  more  or  less  final  character  is  collected 
during  the  reconnaissance  examination,  for  the  most  part  with  a 
view  to  convenience  and  economy  in  the  final  detailed  surveys.  The 
withdrawals  of  lands  for  power  sites  on  the  basis  of  a  reconnaissance 
examination  are  usually  made  liberal  in  extent,  the  purpose  being  to 
restore  to  entry  any  of  the  legal  subdivisions  which  on  detailed  sur- 
vey prove  to  be  of  no  value  in  connection  with  the  plans  finally 
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adopted.  The  detailed  investigation  consists  of  surveys  to  determine 
river  profiles,  surveys  of  reservoir  site,  soundings  at  dam  sites  and 
other  places,  and  a  more  or  less  careful  examination  of  the  charac- 
ter of  the  underlying  formations  that  must  serve  as  foundations, 
especially  for  dams.  In  addition,  it  is  necessary  to  establish  river 
gaging  stations,  if  none  have  already  been  established,  for  the  pur- 
pose of  determining,  with  a  high  degree  of  accuracy,  the  amount  of 
water  discharged  by  the  river,  so  that  the  economic  capacity  of  the 
reservoirs  and  power  plants  may  be  determined. 

The  gaging  stations  are  selected,  equipped,  and  maintained  ac- 
cording to  the  standard  methods  followed  by  the  United  States 
Geological  Survey  in  its  regular  hydrometric  work.  The  processes 
are  fully  described  in  the  annual  progress  reports  on  investigations 
of  stream  flow  published  by  the  Survey. 

The  investigation  of  dam  sites  for  the  purpose  of  determining 
the  security  of  the  underlying  formations  that  must  seme  as  founda- 
tions has,  up  to  the  present  time,  been  based  largely  on  general  geo- 
logic information  concerning  the  holding  qualities  of  the  forma- 
tions known  to  exist  in  the  localities  examined.  Final  work  of  this 
character,  none  of  which  has  been  attempted  in  connection  with  the 
classification  of  water-power  sites,  will  consist  of  the  usual  soundings 
and  borings  to  determine  the  depth  of  the  holding  material,  its 
permeability,  its  strength,  and  all  the  other  factors  that  enter  into 
its  suitabilitv  for  foundations. 

Special  river  surveys  delineating  the  alinement  and  water-surface 
contours  of  streams  and  the  topography  of  the  adjacent  land  are 
made  on  a  scale  of  2  inches  to  the  mile  by  the  plane-table  and  stadia 
method.  The  survey  maps  are  accompanied  by  profiles  showing 
clearly  the  stream  gradient  The  contour  interval  on  water  surfaces 
is  usually  taken  as  5  feet  but  may  be  increased  to  25  or  even  to  100 
feet  for  sections  of  steep  slope  where  the  delineation  of  a  lesser  in- 
terval could  not  be  clearly  made.  The  topography  of  the  land  adja- 
cent to  the  stream  is  shown  by  a  contour  interval  of  25  feet  and  in 
general  is  carried  to  an  elevation  100  feet  above  the  stream  by  survey 
and  an  additional  100  feet  by  sketching.  General  features  of  cul- 
ture, gaging  stations,  existing  hydraulic  works,  all  lines  of  land  sub- 
divisions by  public  survey,  and  other  relevant  data  are  shown  on 
these  maps.  Promising  reservoir  and  dam  sites  are  shown  with  con- 
tour intervals  of  5  feet  to  an  elevation  equal  to  the  height  of  the 
possible  dam. 

Engineers  executing  these  surveys  are  instructed  to  obtain  and 
furnish  to  the  Washington  office  all  available  data  as  to  the  water 
resources  involved,  supplementing  the  data  shown  on  the  maps  by 
detailed  description  of  existing  or  proposed  developments. 
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COMPILATION    OF    RESULTS    AND    REVISION    OF   WITHDRAWALS. 

When  results  of  field  investigation  are  available,  much  the  same 
procedure  is  followed  in  the  oflSce  in  revising  withdrawals  as  in 
making  the  preliminary  withdrawals.  The  problem  at  this  stage 
becomes  one  of  limiting  the  withdrawals  to  the  least  possible  area. 
Careful  scrutiny  of  plans  and  profiles  of  the  streams  makes  it  pos- 
sible to  determine  the  power  value  of  each  smallest  legal  subdivision, 
and  withdrawn  areas  containing  no  sites  that  are  or  may  be  valuable 
for  the  development  of  power  are  restored  to  the  public  domain.  If 
the  stream  is  of  relatively  flat  gradient,  where  power  development 
must  be  restricted  to  the  low-head  type  and  the  construction  will 
consist  of  power  houses  in  conjunction  with  dams  developing  the 
available  head,  it  is  possible  in  many  cases  to  locate  definitely  the 
favorable  dam  sites  and  divide  the  stream  into  successive  units  of 
probable  development,  from  which  no  very  great  departure  in  con- 
struction is  likely.  On  such  streams  the  power-site  reserves  can  be 
defined  with  a  high  degree  of  accuracy,  and  the  use  of  each  tract, 
whether  for  dam  site,  power-house  site,  flowage,  or  other  purpose, 
can  be  forecast  with  considerable  assurance.  A  minimum  area  of 
land  is  retained  in  iK)wer-site  reserves  on  such  streams.  If  the 
stream  has  a  relatively  steep  gradient,  however,  where  the  natural 
development  for  power  will  consist  of  a  low  diversion  dam  and  a 
long  conduit  leading  to  a  power  house  perhaps  several  miles  below 
and  developing  a  high  effective  head,  there  can  be  a  wide  range  of 
selection  for  the  units  of  a  comprehensive  power  project.  On  such 
a  stream  no  specially  favorable  dam  site  is  necessary,  and  relative 
expense  of  construction  is  generally  the  factor  determining  a  choice 
among  several  different  locations  for  the  conduit.  A  definite  use  for 
any  particular  tract  can  seldom  be  assigned  with  development  of  this 
type,  and  the  power-site  reserve  must  be  maintained  so  as  to  include 
all  possible  conduit  locations  if  it  is  to  be  effective.  A  final  revision 
of  withdrawals  along  such  a  stream  must  be  made  as  the  power  sites 
arc  developed.  Even  in  such  cases,  however,  restorations  are  fre- 
quently possible  as  soon  as  field  examinations  are  made. 

Restorations  are  recommended  by  the  Survey  and  recorded  in  the 
Survey  files  in  much  the  same  way  as  withdrawals.  The  usual  form 
of  power-site  restoration  is  as  follows : 

Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington,  November  12, 1912. 

The  honorable  the  Secretary  of  the  Interior. 

Sir:  Investigation  of  lands  included  in  power-site  resen'e  No.  117,  Snake 
River,  Idaho,  Indicates  that  the  portion  of  the  lands  included  therein  described 
In  the  foUowing  order  of  restoration  is  not  valuable  for  the  conservation  of 
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water  power,  and  I  therefore  recommend  that  the  said  order  of  restoration  be 
submitted  to  the  President  for  appropriate  action.  The  area  involved  in  this 
restoration  is  85.7  acres. 

Very  respectfully,  Geo.  Otis  Smith, 

Director. 

December  3,  1912. 
Respectfully  referred  to  the  President  with  favorable  recommendation. 

Walteb  L.  Fisher, 

Secretary. 

Order  of  Restoration  No.  82. 

Snake  River,  Idaho. 

So  much  of  the  orders  of  withdrawal  made  heretofore  for  the  purpose  of  re- 
serving water-power  sites  as  affects  the  lands  hereinafter  described  is  hereby 
revoked. 

And  it  is  further  ordered  that  all  of  such  lands  not  otherwise  reserved  or 
withdrawn  are  hereby  restored  to  the  public  domain  and  shall  become  subject  to 
settlement  and  entry  under  the  laws  applicable  thereto  upon  such  date  and 
after  such  notice  as  may  be  determined  upon  by  the  Secretary  of  the  Interior. 

Boise  meridian. 

T.  6  S.,  R.  %  B..  sec;  30.  lot  6 ; 

sec.  32,  lots  7  and  8. 

Wm.  H.  Taft, 
December  3,  1912.  President. 

ADVERSE   CLAIMS. 

In  many  cases  there  is  a  conflict  between  the  purposes  of  a  power- 
site  reserve  and  of  some  other  claim  to  or  proposed  use  of  the  lands 
affected.  There  is  at  present  no  satisfactory  law  under  which  land 
withdrawn  for  power  purposes  under  the  acts  of  June  25,  1910  (36 
Stat.,  847),  and  August  24,  1912  (37  Stat.,  497),  can  be  used  for 
other  purposes  without  jeopardizing  the  interest  of  the  United  States 
in  the  power  possibilities.  Under  the  acts  relating  to  rights  of  way 
title  to  land  by  legal  subdivisions  is  not  granted  and,  as  described 
elsewhere  (p.  28) ,  the  interest  of  the  United  States  may  be  preserved. 
fTnder  the  laws  relating  to  agricultural  land  and  mining,  however, 
title  to  the  land  embraced  in  entries  or  claims  passes  from  the  United 
States  and  there  appears  to  be  no  way  in  which  the  power  estate  may 
be  satisfactorily  reserved.  Relative  priority  of  reserve  and  claim, 
special  exceptions,  and  relative  value  are  the  principles  that  govern 
in  adjudicating  the  conflict.  A  power-site  withdrawal  is  of  no 
effect  as  against  bona  fide  metalliferous  mineral  claims,  without  re- 
gard to  priority  of  initiation.  A  power-site  withdrawal  is  without 
effect  as  against  a  prior  occupant  or  claimant  of  oil  or  gas  lands  who 
IS  diligently  prosecuting  work  leading  to  discovery,  but  it  becomes 
^ii^mediately  effective  against  such  occupant  or  claimant  if  diligent 
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prosecution  of  work  leading  to  discovery  is  discontinued.  A  power- 
^'ite  withdrawal  is  without  effect  as  against  a  valid  subsisting  home- 
stead or  desert-land  entry  or  claim  of  valid  settlement  so  long  as  it  is 
maintained  and  perfected  pursuant  to  law,  but  the  withdrawal  be- 
comes effective  whenever  the  entryman  or  settler  no  longer  continues 
to  comply  with  the  law  under  which  the  entry  or  settlement  was 
made.  With  the .  foregoing  exceptions,  a  power-site  withdt«,wal 
under  the  acts  of  June  25,  1910,  and  August  24,  1912,  is  effective 
against  all  claims  or  entries  on  which  rights  have  not  vested  prior  to 
the  date  of  the  withdrawal. 

Withdrawn  lands  having  valuable  possibilities  for  the  develop- 
ment of  power  are  alienated  in  the  usual  way  if  they  are  included 
in  the  excepted  classes  described  above,  although  possibly  the  claims 
for  such  lands  are  subjected  to  a  more  careful  scrutiny.  If  it  ap- 
pears that  the  claimant  is  attempting  to  obtain  title  to^ land  because 
of  its  value  for  power,  and  if  its  power  value  is  greater  than  its 
value  for  the  alleged  purpose  of  the  claim,  patent  may  be  refused 
and  the  entry  canceled.  Cases  of  this  nature  arise  most  frequently 
in  connection  with  metalliferous  mineral  entries,  although  not  a 
few  power  sites  have  been  homesteaded  oi  acquired  under  the  timber 
and  stone  law. 

In  the  case  of  claims  against  which  a  power-site  withdrawal  is 
effective,  a  most  unfortunate  situation  occasionally  arises.  For  ex- 
ample, title  to  land  may  be  sought  by  the  application  of  scrip,  and 
the  claim  may  be  initiated  in  advance  of  a  power-site  withdrawal. 
The  claimant  may  have  expended  considerable  sums  in  improve- 
ment and  cultivation  and  have  proceeded  throughout  in  good  faith. 
Nevertheless,  the  land  sought  to  be  acquired  may  be  worth  for  power 
many  times  its  agricultural  value,  and  when  this  dominant  power 
value  is  ascertained  the  land  is  naturally  included  in  a  power-site 
reserve.  In  such  cases  it  is  always  a  grave  question  whether  the 
public  interest  is  best  served  by  the  defeat  or  confirmation  of  the 
claim.  Under  the  strict  rule  of  the  law  the  claimant  has  no  rights 
in  the  case.  No  provision  of  law  makes  it  possible  to  give  him 
agricultural  rights  and  reserve  to  the  United  States  the  rights  of 
power  development.  Unless,  therefore,  the  value  of  the  land  for 
the  development  of  power  is  so  great  as  to  demand  reservation  for 
that  purpose,  public  interest  appears  to  sanction  the  claim  of  the 
individual  as  against  that  of  the  Nation,  and  elimination  of  the  land 
from  the  power-site  reserve  is  recommended 

NONTOWER   CLASSIFICATION. 

In  connection  with  the  office  studies  incident  to  the  report  on  the 
power-site  possibilities  of  lands  embraced  in  subsisting  claims  and 
with  the  investigation  of  power  sites  a  mass  of  information  is 
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gradually  being  accumulated.  This  information  is  of  negative  as 
well  as  of  positive  character  and  shows  where  power  sites  are  not 
located  as  well  as  where  they  are  located.  For  convenience  in  mak- 
ing later  reports  on  adjacent  areas,  this  information  is  summarized 
from  time  to  time  and  State  maps  are  prepared  showing  the  lands 
that  are  of  no  value  for  power  development.  This  essentially  con- 
stitutes a  negative  power  classification  and  the  use  of  such  maps 
greatly  facilitates  the  future  work.  In  connection  with  these  maps 
minutes  are  prepared  in  which  are  set  forth  the  data  on  which  the 
classification  is  based  and  the  conclusions  drawn  therefrom. 

ADDITIONAL  REQUIREMENTS  TO  MAKE  POWER  CLASSinCATION  EFFECTIVE. 

In  order  that  the  classification  of  land  as  chieflv  valuable  for 
the  development  of  power  may  be  made  effective,  it  appears  desirable 
that  there  be  additional  legislation  providing  for' the  control  and 
utilization  of  land  so  classified  under  such  conditions  and  regula- 
tions as  Congress  may  decide  to  be  necessary  and  for  the  proper 
administration  of  such  land  if,  as  now  seems  desirable,  the  title  is 
to  be  retained  in  the  United  States. 

As  a  feature,  or  perhaps  as  a  preliminary  step  in  such  legislation, 
a  "separation  act"  would  be  desirable,  providing  for  the  disposition 
of  power  and  agricultural  estates  independently  of  each  other  in  a 
manner  similar  to  that  now  provided  for  coal  land  and  for  oil  and 
gas  land  in  Utah.  Such  independent  disposition  of  these  estates  is 
believed  to  be  entirely  feasible,  because,  except  where  reser\^oirs  are 
provided,  the  land  actually  occupied  by  a  power  plant  constitutes 
only  a  small  part  of  the  legal  subdivisions  on  which  the  dam,  flowage, 
water  conduits,  power  house,  and  transmission  lines  are  located.  The 
bulk  of  the  land  is  available  for  agricultural  or  other  use  and  may  be 
largely  so  utilized  without  detriment  to  the  power  development. 

The  alienation  of  the  agricultural  estate  and  the  retention  of  the 
water-power  estate  in  any  land,  with  provision  for  payment  of 
proper  damages  to  the  agricultural  estate  when  the  power  is  devel- 
oped, appears  to  be  practicable  and  desirable  in  the  interest  of  the 
orderly  development  of  the  natural  resources  involved.  In  fact,  a 
separation  of  estates  and  a  disposition  of  each  estate  as  such  appear 
to  be  desirable,  even  though  it  may  be  decided  not  to  retain  control 
by  the  United  States  of  the  water-power  estate. 

Whether  or  not  a  law  providing  for  separation  of  the  power  estate 
is  enacted,  laws  providing  for  the  development  of  power  on  public 
land  under  such  conditions  that  the  industry  would  be  materially 
encouraged  and  capital  attracted  would  be  most  beneficial.  The  true 
purpose  of  power-site  withdrawals  is  the  use  of  valuable  power  lands 
primarily  for  developing  power,  not  the  withholding  of  such  lands 
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from  any  use.  It  is  true  that  withdrawn  lands  are  now  aTailable 
for  use  under  the  right  of  way  acts,  but  they  can  be  used  for  power  de- 
velopment only  under  a  permit  revocable  at  will.  Such  a  method  is 
hopelessly  inadequate  and  tends  to  discourage  development.  Bec<Mn- 
mendations  for  additional  legislation  have  been  repeatedly  made  by 
the  department,  and  several  very  satisfactory  bills  have  been  intro- 
duced in  Congress,  but  so  far  no  suitable  laws  have  been  enacted* 

CLASSITICATION  OF  LANDS  AS  REGARDS  IRRiaABILITY. 

FIELD  METHODS. 
OXMSBAXi  OOJmiDBBATlOJia. 

The  general  considerations  and  particular  features  already  dis- 
cussed under  "Classification  of  power  sites''  apply  to  the  classifi- 
cation with  respect  to  irrigability.  They  include  determination  of 
the  relative  value  of  water  in  its  different  uses  and,  in  the  case  of 
reservoirs  and  headworks,  the  value  of  the  land  for  other  purpose?. 
The  field  of  investigation  must  be  quite  as  broad  and  comprehensive 
for  this  purpose  as  for  the  classification  of  water-power  sites.  The 
engineer  who  performs  the  investigation  is  required  to  equip  him- 
self  with  the  preliminary  facts  available  in  the  office,  such  as  maps 
and  records  of  stream  flow,  and  his  instrumental  equipment  is  prac- 
tically the  same  as  that  already  described. 

A  suitable  report  on  the  classification  of  lands  as  regards  irriga- 
bility should  cover  as  many  of  the  subjects  listed  in  the  following 
syllabus  as  may  be  relevant : 

I.  Sources  of  data  used  in  report : 

1.  Personal  examination;  route  followed  and  time  consumed. 

2.  Water-supply  papers. 

3.  Maps. 

4.  Reports  of  engineers. 

6.  Miscellaneous. 

II.  General  introductory  description: 

1.  Name  of  project. 

2.  Where  located. 

3.  When  started. 

4.  Estimated  time  of  completion. 

6w  Ck>nci8e  description  of  project,  including — 

(a)  Area  involved. 

(h)  Source  of  water  supply. 

(c)  Outline  of  irrigation  system. 

id)  Important  or  critical  structures  involved. 
0.  Nature  and  extent  of  control  of  the  lands : 

(a)  Carey  Act. 

(&)  Municipal  district 

(c)  Ownership  by  developing  company. 

(d)  Contracts  with  land  owners. 

(e)  Contracts  with  desert-land  or  homestead  entrymen  who  hnv^ 

no  titles. 

7.  Railroad  and  other  tran8i)ortatlon  facilities. 
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III.  Rights  of  way : 

1.  Ownership  and  extent  of  those  already  secured. 

2.  Applicants  for  those  pending. 

3.  Additional,  across  public  lands,  needed  for  the  complete  project 

IV.  The  lands: 

1.  Topography. 

2.  Geology. 

8.  Vegetation. 

4.  Soil: 

(a)  Soil  analysis. 

(5)  Depth  of  soil. 

(c)  Depth  to  impervious  strata. 

5.  Drainage. 
V.  Climatology: 

1.  Temperature. 

2.  Precipitation. 
VI.  Crops: 

1.  Kind  of  crops. 

2.  Probable  markets. 

8.  Transportation  to  markets. 
VII.  Value  of  lands : 

1.  Without  irrigation. 

2.  Unimproved,  but  under  ditch. 

3.  Improved  and  Irrigated.  , 
VIII.  Water  supply : 

1.  Source  of  supply : 

(a)  Discussion  of  stream. 
(h)  Discussion  of  drainage  basin, 
(c)  Stream-flow  measurements. 
id)  Storage  already  developed. 
(e)  Other  storage  possibilities. 

2.  Rights  in  water : 

(a)  Amount  and  date  of  water  filing. 

(ft)  Prior  rights,  adjudicated  and  unadjudlcated 

3.  Amount  of  water  available  for  project. 

4.  Duty  of  water. 

5.  Amount  of  land  that  can  be  irrigated. 
IX.  Character  of  irrigation  works: 

1.  Storage  dam. 

2.  Location. 

3.  General  description. 

4.  Type  of  dam.  material,  etc. 

5.  Outlet  tunnel. 

6.  Area  of  resen'Oir. 

7.  Capacity  of  reservoir  in  a  ere- feet. 

8.  Diversion  dam : 

(a)  Location. 

(h)  Type  of  dam,  material,  etc. 

(c)  Size  of  dam. 

9.  Pumping: 

(a)  Source,  kind,  and  cost  of  power. 

(6)  Lift 
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(e)  Motors: 

(a>  Number  and  kind. 

(b)  Capacity  of  each, 
(tf)  Pomps: 

(a)  Number  and  kind. 

(b)  Capacity  of  each. 
(e)   Station  equipment. 

(/)  Transmission  line. 
iff)  Buildings. 
(h)  Pipe  lines: 

(a)  Kind,  sise,  and  capacity. 

(b)  Thickness  of  materiaL 

(c)  Length. 
(i)   Receiving  basins. 

X.  Canals: 

1.  Size. 

2.  Grade. 

3.  Capacity. 

4.  Slopes. 

5.  Wasteways. 

6.  Dropa 

7.  Lateral  systems. 
&  Flumes: 

(a)  Kind  (wood,  metal,  or  concrete). 

(5)  Size, 
(c)  Grade. 
id)  Capacity. 
(e)  Carrier. 

(/>   Foundation. 

ig)  Description  of  construction. 
9.  Tunnels: 

(o)  Length. 

(b)  Size. 

10.  Pipes: 

(a)  Kind  (wood,  metal,  or  concrete). 

(6)  Size. 

(c)  Length. 

(d)  Grade. 

(e)  Caiiacity. 

(/)   Pressure  boxea 

11.  Gates: 

(o)  Headgates: 

(a)  Kind. 

(b)  Size. 

(c)  Capacity. 

(d)  Number. 

(e)  Controlling  device. 
(h)  I-ateral  gates:  Kind,  etc. 

12.  Miscellaneous: 

(a)  Bridges. 

(h)  Trestles. 

(c)  Riprapping. 

(d)  Protection. 
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XL  Cost  of  construction : 

1.  Detailed  estimate. 

2.  Bases  for  estimate. 
XII.  Present  status  of  project: 

1.  Work  completed : 
(a)  Aoaonnt. 
(h)  Character. 
(0)  Criticisms. 

XIII.  Reyenne: 

1.  Water  rights. 

2.  Number  of  acres  covered. 
8.  Number  of  acres  sold. 

4.  Town  sites. 

0.  State  contract. 

6.  Settlers'  contract 

XIV.  Appendixes: 

1.  Maps. 

2.  Geologic  sheets. 
8.  Photographs. 

4.  Precipitation  records. 

5.  Stream-flow  records 
XV.  Suggestions. 

Recommendations. 

Conclusions. 

Extensiona 

To  determine  whether  or  not  an  area  of  land  is  commercially 
feasible  of  redamation  by  irrigation  the  following  matters  require 
especially  careful  study : 

ATallable  water  supply. 

Present  utilization  of  water  for  irrigation. 

Duty  of  .water. 

Character  of  lands  to  be  irrigated. 

Crops. 

Character  of  Irrigation  works. 

ft 

AVATT.AHT.TI    WATER   BUVFIiT. 

To  determine  the  available  water  supply  a  careful  investigation 
is  made  of  the  streams  from  which  the  water  is  to  be  diverted.  A 
study  is  made  of  all  stream-flow  measurements,  and  if  records  of 
daily  discharge  are  available  for  a  number  of  years,  hydrographs 
.ire  prepared  showing  graphically  the  daily  fluctuations  of  the 
stream.  On  these  hydrographs  a  line  may  be  drawn  representing 
the  equivalent  of  prior  rights.  This  done,  the  unutilized  flow  may 
be  readily  determined.  Where  irrigation  has  been  practiced  for  a 
number  of  years,  these  hydrographs  may  show  clearly  that  the  normal 
flow  during  the  irrigation  season  is  already  appropriated  and  that 
the  unutilized  flow  occurs  during  the  winter  and  during  flood  stages. 
To  utilize  fully  the  run-off  from  the  streams  under  such  conditions 
reservoirs  must  be  constructed  to  store  the  water  that  is  now  wasted. 
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The  study  of  available  water  supply  therefore  involves  an  investiga- 
tion of  the  possibilities  of  storage.  Unless  information  is  available 
from  private  surveys,  a  reconnaissance  examination  is  made  of  the 
drainage  area  for  the  purpose  of  locating  storage  sites.  The  methods 
followed  are  merely  approximate  and  do  not  differ  from  those  used 
in  reconnaissance  power  surveys. 

If  no  actual  records  are  available  showing  the  discharge  of  the 
stream,  it  is  necessary  to  establish  gaging  stations  at  once  and  make 
a  careful  study  of  the  drainage  area  and  records  of  precipitation. 
If  reliable  maps  are  available  from  which  the  area  of  the  drainage 
basin  can  be  measured,  and  records  are  available  showing  the  average 
precipitation  on  the  basin,  it  is  then  possible  to  figure  roughly  the 
probable  run-off.  This  method  of  determining  the  available  water 
supply  is  unsafe  and  is  used  only  where  no  records  of  discharge  are 
available. 

After  determining  the  gross  run-off  from  the  basin  the  unutilized 
flow  or  the  water  available  for  the  reclamation  of  new  lands  is  deter- 
mined by  deducting  the  amoimt  of  water  required  to  satisfy  prior 
appropriators. 

PBBUEKT    UTIIjIZATZOK   OF   WATEB   WOR  ZRBIOATXON. 

Mention  has  already  been  made  of  the  necessity  for  allowing  for 
prior  water  rights  in  determining  the  amount  of  land  that  can  be 
successfully  irrigated  from  any  stream.  Irrigation  systems  already 
installed  at  the  time  of  the  examination  furnish  one  of  the  most 
troublesome  problems  the  engineer  has  to  investigate.  Under  the  law, 
as  usually  interpreted  in  the  West,  the  water  is  public  property, 
permission  for  its  use  being  granted  by  the  State,  and  wherever 
lands  are  classified  for  irrigation  in  the  West  it  is  nearly  always 
true  that  the  State  has  granted  prior  rights  to  the  use  of  the 
water.  In  the  earlier  days  of  irrigation  these  rights  were  granted 
vith  the  utmost  liberality,  without  much  regard  for  the  amount 
of  water  actually  flowing  in  a  stream.  It  is  therefore  common  to 
find  that  these  prior  rights  exceed  in  aggregate  amount  the  volume 
of  water  carried  by  the  stream  during  irrigation  seasons.  This 
condition  has  been  recognized  by  persons  desiring  to  use  water 
from  such  streams,  and  many  of  them  have  secured  rights  to  use  the 
ilood  waters  which  flow  in  the  stream  channels  at  periods  of  the  year 
when  irrigation  is  not  practiced.  Such  utilization  is  dependent,  of 
course,  on  the  construction  of  storage  reservoirs.  Thus  it  may  occur 
that,  however  well  adapted  for  agriculture  a  piece  of  public  land  may 
be,  on  superficial  examination  there  appears  to  be  no  available  water  for 
its  reclamation.  It  is  necessary  for  the  engineer  to  bear  in  mind  the 
liberality  with  whicli  prior  rights  have  been  conferred  and  to  examine 
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the  records  for  the  purpose  of  determining  what  proportion  of  the 
water  so  granted  can  be  beneficially  used  for  irrigation.    Such  a  study 
involves  a  determination  of  the  duty  of  water,  a  subject  which  is  dis- 
cussed   below.    It   is   clear,   however,   that  the   determination   ol 
beneficial  use  involves  an  examination  of  the  reservoirs,  headworks, 
canals,  and  ditches,  and  the  amount  of  lands  embraced  in  irrigation 
systems  under  operation,  and  this  is  frequently  a  most  difiicult  mat- 
ter.   It  is  the  rule  rather  than  the  exception  that  the  irrigator  uses 
more  water  than  is  necessary  for  the  growth  and  maturity  of  his 
crops ;  indeed,  his  use  of  water  is  not  uncommonly  so  extravagant  that 
the  agricultural  value  of  his  land  is  greatly  damaged.    On  few  of 
the  irrigation  systems  of  the  West,  especially  the  older  ones,  has 
any  record  of  the  amount  of  water  used  been  collected  or  preserved 
or  the  capacity  of  the  irrigaticm  canals  been  determined.    This  capac- 
ity may  be  variable,  depending  largely  on  the  care  with  which  the 
canals  are  maintained.    Thus  the  engineer  b  obliged  to  investigate 
thoroughly  all  the  working  features  of  the  qrstems  already  installed, 
so  that  he  may  make  a  report  as  to  the  actual  amount  of  water  neces- 
sary and  thereby  determine  how  much  if  any  is  available  for  the  irri- 
gation of  new  lands.    Water-right  matters  are  usually  complicated 
and  a  proper  study  of  them  requires  some  working  knowledge  of  the 
water  laws  and  the  decisions  relating  thereto.    Although  in  many  of 
the  Western  States  the  water  laws  are  similar,  they  differ  in  some 
respects  and  some  of  the  differences  are  very  wide.    To  cover  all  the 
necessary  points  the  engineer  must  examine  into  the  grants  and  ad- 
judications at  the  county  or  State  offices  where  such  matters  are  on 
record.    Closely  connected  with  this  study  of  water  laws  is  the  obser- 
vation and  possibly  the  measurement  of  flow  in  existing  canals  to 
determine  seepage  losses.    Such  losses  frequently  represent  50  per 
cent  or  more  of  the  water  that  is  diverted  from  the  streams,  and  it 
is  necessary  to  consider  the  question  of  preventing  such  losses  so  that 
the  water  may  be  applied  to  lands  not  under  cultivation.    Where  ex- 
travagant use  or  unreasonable  loss  is  discovered  the  question  then 
arises  whether  that  water  may  not  be  filed  upon  for  the  benefit  of  the 
new  lands  under  consideration.     The  determination  of  this  point 
usually  requires  adjudication  either  by  the  courts  or  by  State  officials 
appointed  for  this  specific  purpose. 

JIUTS    09   WATJUL 

The  determination  of  the  duty  of  water,  or  the  amount  of  water 
necessary  to  irrigate  a  piece  of  arid  land  suitably,  is  another  difficult 
task  of  the  engineer.  In  some  parts  of  the  West  the  necessary  amount 
of  water  has  been  determined  by  scientific  study.  Over  the  greater 
portion  of  this  region,  however,  the  amount  has  been  determined 
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largely  by  experience,  so-called,  and  has  usually  been  greater  than  is 
necessary.  Frequently  the  lower  limit  has  been  determined  in  dry 
seasons  when  the  supply  of  water  was  meager.  Therefore  the  duty 
of  water  is  susceptible  of  a  very  flexible  interpretation.  On  each 
irrigation  project  there  is  a  generally  accepted  idea  of  the  amount 
necessary,  and  whether  a  larger  or  smaller  amount  than  this  is  de- 
livered by  the  canals  is  rarely  determined.  As  a  rule,  however,  the 
discriminating  engineer  can,  by  examining  all  the  evidence,  fix  upon 
an  approximate  standard  that  may  be  considered  reasonable,  and 
unless  that  standard  approaches  too  closely  the  total  amount  of  wat^- 
available  adjustment  is  comparatively  easy.  Determination  of  the 
duty  of  water  is,  after  all,  an  agricultural  problem,  some  crops  re- 
quiring more  than  others  on  the  same  land  and  different  kinds  of 
soils  requiring  different  amounts  for  the  same  crops.  Having  deter- 
mined this  amount,  the  engineer  then  measures  or  estimates  the 
losses  which  occur  in  transmission  through  canals  and  other  conduits 
from  the  source  of  supply  to  the  cultivated  fields,  for  duty  of  water 
is,  unless  otherwise  specified,  referred  to  the  field  itself.  This 
amount  is  sometimes  called  the  net  duty.  To  the  amount  required 
for  actual  application  to  the  crops  must  be  added  that  lost  by  seep- 
age and  by  evaporation,  and  the  farther  the  supply  from  the  place 
of  utilization  the  greater  the  amount  which  must  be  allowed  for  such 
losses.  It  is  necessary  also  to  consider  losses  in  the  storage  reser- 
voirs, especially  the  loss  due  to  evaporation.  Having  summed  up 
all  these  items  and  having  previously  determined  the  total  supply 
available,  the  engineer  can  then  determine  how  much  is  available  for 
new  lands.  To  this  quantity  is  applied  the  duty  previously  deter- 
mined, allowance  being  made  for  the  prospective  losses  in  the  con- 
duits that  will  carry  the  water  to  the  new  land.  The  result  of  this 
computation  will  show  the  amount  of  new  land  that  can  be  irrigated. 

OHABAOTBB   OF   I«A1R>   TO    BB   ISBIOATBD. 

The  elements  in  the  investigation  of  the  character  of  the  lands  to 
be  irrigated  include  topography,  geology,  character  and  depth  of 
soil,  and  general  drainage  conditions.  These  are  partly  engineering 
and  partly  agricultural  factors,  but  the  engineer  must  take  them  all 
into  consideration,  because  it  is  apparent  that,  with  a  given  prospec- 
tive cost  of  irrigation,  a  project  would  be  feasible  if  the  soil  and 
physical  conditions  were  of  one  kind  and  not  feasible  if  those  condi- 
tions were  of  another  kind.  The  climate  is  another  essential  factor, 
and  a  study  must  also  be  made  of  the  kind  of  crops  adapted  to  the 
particular  locality.  It  is  apparent  that  a  greater  investment  can  be 
made  for  irrigation  in  a  region  adapted  to  citrus  fruits  than  in  one 
where,  on  account  of  climate,  soil,  or  altitude,  hay  is  the  i)rincipal 
possible  conunodity.    The  determination  of  these  points  by  the  engi- 
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neer  rests  largely  on  his  general  knowledge  of  related  conditions  and 
on  the  experience  that  has  been  gained  by  the  people  in  the  region. 
The  transportation  facilities  and  the  market  are  subject  to  change 
and  should  usually  be  considered  merely  to  determine  whether  pres- 
ent or  future  development  is  desirable.  Transportation  facilities 
will,  under  ordinary  conditions,  be  provided  in  response  to  produc- 
tion, and  market  is  a  feature  which,  in  the  long  run  and  under  the 
prei»ent  conditions  of  rapid  growth  and  consumption  in  this  country, 
will  ultimately  offer  few  difficulties. 

OHABAOTBB  OF  IBBIOATZOIT  W0BK8. 

Having  reached  a  favorable  determination  as  to  water  supply,  duty 
of  water,  and  the  economic  features  above  set  forth,  the  engineer  must 
then  investigate  the  character  of  irrigation  works  that  are  adapted 
to  the  physical  conditions  of  the  area.  The  character  of  such  works 
depends  entirely  on  the  physical  problems  to  be  met.  It  mav  be 
necessary  to  construct  storage  reservoirs  in  order  to  utilize  the  high- 
est  possible  proportion  of  the  available  water.  On  the  other  hand, 
the  source  of  supply  may  be  a  very  large  stream,  having  a  capacity 
sufficient  to  furnish  all  Uie  water  required  for  practicable  irriga- 
tion in  the  entire  region,  and  the  studies  are  then  confined  to  the 
determination  of  suitable  diversion  sites  and  canal  routes  reaching 
from  the  headworks  to  the  lands  to  be  irrigated.  As  in  the  case  of 
reconnaissance  power  surveys,  no  final  locations  are  determined  by 
the  engineer,  it  being  considered  preferable  to  leave  such  matters 
of  detail  to  those  who  may  in  the  future  develop  the  project.  The 
location  of  the  headworks  and  of  reservoirs  and  the  routes,  lengths, 
and  capacities  of  canals  can  be  determined  approximately  by  field 
investigation  of  the  type  herein  described,  and  while  the  results  may 
be  inaccurate  for  purposes  of  final  location  and  development,  they 
are  sufficient  to  afford  information  suitable  for  departmental  acticm. 
The  public  lands  located  in  reservoir  sites  or  along  the  courses  of 
prospective  conduits  are  carefully  considered  by  the  engineer  with 
respect  to  their  relation  to  the  ultimate  problem  under  consideration. 

METHODS  OF  CLASSIFICATION. 
FBOOXDUXX  UmDEB  THX  OABST  ACT. 

In  the  administration  of  the  Carey  Act  and  its  amendments  classi- 
fication of  lands  with  respect  to  irrigability  is  a  necessary  incident, 
for  under  the  conditions  of  this  act  the  land  granted  must  be  non- 
mineral,  desert,  and  irrigable.  The  first  step  in  the  present  pro- 
cedure is  the  withdrawal  of  lands  under  the  act  of  March  15,  1910 
(36  Stat,  237),  at  the  solicitation  of  the  State  in  which  the  lands  are 
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situated.  This  is  essentially  a  withdrawal  for  the  purpose  of  classifi- 
cation, and  the  area  withdrawn  may  be  far  in  excess  of  that  eventy- 
ally  constituting  the  irrigable  area  of  the  project.  The  withdrawal 
is  made  on  the  assumption  that  the  area  includes  some  land  sus- 
ceptible of  irrigation  under  the  Carey  Act,  but  investigation  may 
show  this  not  to  be  the  case.  During  the  period  of  withdrawiil, 
which  is  limited  to  one  year,  the  promoter  of  the  project  has  oppor- 
tunity to  investigate  the  area,  plan  the  details  of  the  project,  and 
make  a  reliable  classification  as  to  irrigability  without  fear  of  aliena- 
tion of  the  lands  and  resulting  interference  with  the  successful  con- 
duct of  the  project.  In  case  such  investigations  and  a  request  by  the 
State  for  segregation  are  not  made,  the  land  is  restored  to  the  public 
domain  without  classification.  If,  on  the  other  handj  the  plans  for 
the  project  are  perfected  and  application  for  segregation  is  made,  the 
lands  listed  in  the  application  are  further  reserved  until  action  is 
taken  on  the  case,  and  the  remainder  of  the  withdrawn  lands  are 
restored  to  the  public  domain  and  may  thereafter  be  assumed  to  be 
nonirrigable.  The  regulations  require  that  the  application  for  segre- 
gation shall  include  full  data  to  show  that  the  land  is  nonmineral 
and  desert  land  and  is  irrigable  and  that  the  project  is  feasible. 
A  field  investigation  is  made  by  the  General  Land  Office  and  the  case 
is  referred  to  the  Geological  Survey  for  report.  A  careful  analysis 
of  the  water  supply  of  the  project  is  then  made  by  the  Survey,  and 
sufficient  investigation  of  probable  costs  and  returns  is  made  to  show 
whether  the  reclamation  and  settlement  can  probably  be  accomplished 
at  a  cost  warranted  by  the  value  of  the  reclaimed  lands.  If  the 
existing  data  relative  to  the  amount  of  water  available  for  the  project 
are  insufficient  to  warrant  a  reasonably  definite  conclusion  as  to  the 
area  that  can  probably  be  irrigated,  a  hydraulic  engineer  of  the 
Geological  Survey  may  be  called  upon  to  supplement  them  by  stream 
gagings  and  such  other  determinations  as  seem  advisable.  When  all 
the  data  are  considered,  an  estimate  of  the  allowable  area  is  prepared 
and  a  definite  report  and  recommendation  on  the  case  are  made. 
Final  adjustment  of  the  area  to  be  segregated  and  of  the  terms  of 
the  contract  between  the  Secretary  of  the  Interior  and  the  State 
devolves  upon  the  General  Land  Office. 

The  approval  of  the  segregation  list  under  present  departmental 
practice  is  in  effect  a  fairly  reliable  classification  of  the  land  as  non- 
mineral,  desert,  and  irrigable.  The  aim  of  the  work  as  now  con- 
ducted is  to  safeguard  the  welfare  of  prospective  settlers,  the  neces- 
sary investment  of  capital,  and  the  interest  of  the  Grovemment. 
Some  attention  is  being  paid  also  to  construction  and  settlement  on 
Carey  Act  projects.  When  data  obtained  after  the  segregation  is 
made  indicate  that  the  area  included  in  a  project  exceeds  the  land 
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that  can  be  successfully  irrigated,  or  when  it  is  learned  that  con- 
structing companies  are  attempting  to  increase  the  area  of  the  project 
Uy  selling  water  rights  to  owners  of  private  lands  and  thus  depriving 
I  he  segregated  lands  of  a  portion  of  the  water  supply  necessary  for 
their  complete  reclamation,  conferences  are  held  with  State  authori- 
ties and  prompt  measures  are  taken  to  insure  the  protection  of  the 
settlers.  It  is  hoped  by  such  means  to  avoid  the  disastrous  results 
tiiat  have  heretofore  too  often  attended  operation  under  the  Carey 
Act.  to  eliminate  speculation,  so  far  as  possible,  and  to  insure,  so  far 
as  the  department  has  the  power,  that  the  settler  who  seeks  a  home 
on  segregated  lands  will  receive  a  sufficient  area  of  land  with  a  satis- 
factory water  right  at  a  reasonable  cost. 

XBBlOATIOlf  BBBXBVOIB  BITBB. 

Withdrawals  of  sites  for  irrigation  reservoirs  under  the  acts  of 
June  25,  1910  (36  Stat,  847),  and  August  24,  1912  (37  Stat.,  497), 
are  made  in  the  same  way  as  withdrawals  of  power  sites  whenever 
the  investigations  of  the  Geological  Survey  indicate  that  feasible 
locations  exist.  Such  withdrawals  are  made  in  the  interest  of  bona 
fide  development  and  to  withhold  from  adverse  possession  reservoirs 
required  in  connection  with  large  irrigation  projects,  both  public  and 
private.  Modifications  of  the  withdrawals  to  permit  occupation  and 
use  of  the  sites  under  the  applicable  right  of  way  acts  are  made 
when  the  development  is  warranted  and  applications  for  modification 
are  made  by  responsible  parties. 

PBOOBDUXX  UHDXB  YUJB  aiTTi  A  HO  ITfVHOMMBTKAD  AOT. 

The  classification  of  lands  under  the  enlarged-homestead  acts  also 
devolves  upon  the  Geological  Survey,  the  Director  having  been 
instructed  by  the  Secretary  of  the  Interior  to  make  recommendations 
of  lands  suitable  for  designation  thereunder.  Nearly  193,000,000 
acres  of  land  have  been  designated  in  the  States  to  which  the  pro- 
visions of  the  acts  apply.  Of  this  area,  approximately  157,000,000 
acres  were  designated  within  three  months  after  the  passage  of  the 
earlier  acts.  This  result  was  achieved  in  part  by  the  use  of  topo- 
graphic maps,  the  accumulation  of  35  years  of  work,  in  connection 
with  a  large  number  of  which  unpublished  land-classification  sheets 
were  on  file;  in  part  by  the  application  of  available  data  on  rainfall, 
run-off,  and  stream  flow ;  in  part  by  consultation  with  the  Keclama- 
tion  Service;  and  in  part  by  the  cooperation  of  the  several  State 
engineers.  In  spite  of  the  uncertainty  incident  to  rapid  work  cov- 
mng  large  areas,  later  information  has  shown  that  these  designa- 
tions were  in  general  properly  made.  The  cancellations  of  erroneous 
designations  amount  in  the  aggregate  to  about  615,000  acres,  or  less 
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than  0.4  per  cent  of  the  early  designations.  Since  the  first  general 
designations  were  made  numerous  requests  for.  the  designation  of 
additional  areas  have  been  received,  and  the  work  incident  to  the 
designation  of  lands  under  the  enlarged-homestead  acts  now  consists 
largely  of  the  consideration  of  such  requests,  with  office  and  field 
studies  to  determine  whether  the  lands  involved  may  properly  be 
designated.  The  office  studies  include  investigation  of  township 
plats,  topographic  maps,  records  of  irrigation  projects,  rainfall  and 
stream-flow  data,  and  other  sources  of  information  from  which  a 
conclusion  as  to  the  suitability  of  the  land  for  designation  may  be 
reached.  In  case  field  examination  is  made,  the  results  are  used  in 
the  office  studies  preceding  designation. 

Not  all  nonirrigable  lands,  however,  may  properly  be  designated, 
for  it  would  obviously  be  useless  to  designate  lands  that  could  not  be 
entered  under  the  acts.  Unsurveyed  lands  are  not  designated  and 
newly  surveyed  lands  are,  by  departmental  order,  withheld  from 
designation  imtil  six  months  after  the  filing  of  the  approved  plats  of 
survey  in  the  local  land  office.  Patented  lands  are,  of  course,  not 
lands  of  the  United  States  and  are  therefore  eliminated  from  pro- 
posed designation.  Lands  on  which  there  is  sufficient  rainfall  for  the 
production  of  ordinary  crops  without  recourse  to  unusual  methods  of 
cultivation  are  not  designated.  Lands  on  which  there  is  merchant- 
able timber  or  which  contain  valuable  minerals  other  than  coal  (in 
Utah  coal,  oil,  or  gas)  are  not  properly  subject  to  designation.  Coal 
lands  and  in  Utah  coal,  oil,  or  gas  lands  may  be  designated  and  en- 
tered subject  to  the  terms  of  the  acts  providing  for  agricultural  en- 
tries of  the  surface  rights  on  such  lands.  Lands  included  in  with- 
drawals or  reservations  of  any  kind  or  in  Carey  Act  segregations  are 
not  properly  subject  to  designation.  Lands  entered  and  in  process  of 
acquisition  under  the  public-land  laws  may  be  designated  if  other- 
wise subject  to  the  act,  but  lands  included  in  subsisting  entries  under 
the  desert-land  act,  being  prima  facie  irrigable  lands,  are  not  prop- 
erly subject  to  designation.  Lands  including  sections  granted  to 
States  as  school  lands  are  not  designated  unless  they  are  excepted 
from  the  school  grant. 

Although  no  form  of  petition  is  specified  for  the  use  of  those  re- 
questing the  designation  of  lands  under  the  enlarged-homestead  acts, 
it  is  desired,  in  order  that  the  Survey  may  have  such  information 
concerning  the  character  of  the  land  as  the  petitioner  can  supply, 
that  such  petitions  be  made  on  the  usual  form  of  application  for 
entry  of  such  lands,  wherein  the  applicant  sets  forth  under  oath  state- 
ments a.s  to  important  features  of  the  character  of  the  land.  Where 
this  form  is  not  used  an  affidavit  setting  forth  essentially  the  same  in- 
forumtion  is  requested  of  the  petitioner. 
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Orders  of  designation  originating  in  the  Geological  Survey  have 
been  serially  numbered  both  with  general  and  State  numbers.  The 
form  of  letter  and  order  used  is  here  shown : 

Bepabtmbnt  of  the  Interior, 
United   States   Geological   Survey, 

Washington,  January  6,  1913. 
The  honorable  the  SEqBETABY  of  the  Inteeiob. 

Sir:  The  following  areas  of  land  to  which  the  enlarged-homestead  net  of 
February  19. 1009  (35  Stat,  639),  as  construed  by  the  department,  is  applicable 
are,  in  my  opinion,  not  susceptible  of  successful  irrigation  at  a  reasonable  cost 
from  any  Isnown  source  of  water  supply,  and  I  therefore  recommend  their 
designation  under  the  said  act: 

Enlabcied-Homestead  Designation  No.  210. 
Montana  No.   59. 

Montana  meridian,  Montana, 

T.  9  N.,  R.  7  E..  sec.  22,  lots  2,  3,  4,  and  5.  NW.  i  of  SE.  I 
[Here  follows  remainder  of  land  description.] 

The  above-listed  lands  will  be  enterable  under  the  provisions  of  the  en- 
larged-homestead act  in  so  far  as  they  may  be  vacant,  public,  nontimbered, 
and  nonmineral  and  unaffected  by  any  special  provision  of  law,  withdrawal,  or 
reservation  inconsistent  with  the  provisions  of  said  act.  The  surface  of  cout 
lands  may,  however,  be  entered  subject  to  the  reservation  of  the  coal  to  the 
Government. 

The  area  Included  in  this  designation  is  approximately  1.485  acres.  None, 
of  the  lands  listed  above  are  withdrawn  in  oil,  phosphate,  or  power-site  re- 
serves. 

Very  respectfully,  Geo.  Otis  Smfth, 

Director. 

Approved  January  28.  1913.  and  referred  to  the  General  I^nd  Office  to  be- 
come effective  February  27,  1913.  Samuei.  Adams, 

First  Assistant  Secretary. 

The  office  record  of  the  Survey  relating  to  enlarged-homestead 
designations  consists  of  State  maps  on  which  the  designated  lands 
are  platted,  a  file  of  orders  of  designation  arranged  by  serial  num- 
hers,  a  file  of  minutes  similarly  arranged  showing  the  data  on  which 
the  designation  is  based,  and  township  cards  on  which  arc  platted 
the  designated  areas.  Cancellations  are  similarly  recorded  and  filed, 
all  designations  and  cancellations  affecting  any  township,  however, 
being  shown  on  a  single  township  card. 
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withdrawal  of  public  watering  places  under  the  authority  conferred 
by  the  acts  of  June  25,  1910  (36  Stat.,  847),  and  August  24,  1912  (31 
Stat.,  497),  has  been  sanctioned  by  the  President.  The  first  with- 
drawal for  this  purpose  was  approved  by  him  on  March  29,  1912. 
The  effect  of  withdrawals  of  this  character  is  to  prevent  alienaticm 
of  the  lands  pending  legislation  governing  their  use  under  publr 
control,  but  the  use  of  the  watering  places  by  all  is  meantime  possible 
under  such  conditions  that  no  user  can  acquire  the  ri^t  of  permanent 
exclusive  occupation. 

These  withdrawals  are  based  upon  field  investigation  by  members 
of  the  Greological  Survey  and  some  of  them  on  reports  of  General 
Land  Office  inspectors.  Careful  ccmsideration  is  given  to  the  rela- 
tion of  the  watering  place  to  the  surrounding  range  and  its  value  in 
connection  with  grazing  on  the  public  lands.  Agricultural  lands  sui;- 
ceptible  of  successful  cultivation  have  been  excluded  from  with- 
drawal  except  in  regions  where  most  of  the  wat^ng  places  have 
passed  into  private  ownership  and  it  becomes  imperative  to  reserve 
water  for  stock,  even  at  the  expense  of  settlement 

MUNICIPAL  WATER  8UFPLT. 

An  incidental  classification  of  lands  as  valuable  for  domestic  water 
supply  arises  through  right  of  way  applications  for  municipal  sys- 
tems. In  general,  where  sources  of  water  supply  are  sought  for 
municipal  purposes  their  value  therefor  far  exceeds  their  value  for 
power  or  irrigation.  Approval  of  such  right  of  way  application^ 
therefore  amounts  to  a  definite  classification  of  the  lands  affected. 
The  lands  may  be  used  for  reservoirs,  conduits,  stream  protection, 
or  any  other  purpose  relating  to  municipal  water  supply. 

Such  right  of  way  applications  are  referred  to  the  Geological 
Survey  for  report.  In  view  of  the  relatively  high  value  of  water  for 
municipal  supply,  the  question  whether  the  application  provides  for 
the  highest  use  is  seldom  ccmsidered.  The  most  troublesome  question 
is  to  determine  whether  the  application  is  really  made  for  municipal 
purposes.  If  the  application  is  made  by  a  municipality  this  ques- 
tion is  readily  answered,  but  if  a  private  water  company  makes  the 
application  it  may  be  difficult  to  determine  whether  the  purpose  is 
private  or  municipal.  A  strict  showing  of  municipal  authorization 
to  the  private  company  is  required  in  such  cases  and  constitutes  the 
chief  criterion  for  classification. 

Lands  embraced  in  permits  for  municipal  water  supply  are  with- 
drawn and  reserved  in  order  that  occupation  in  the  interests  of  the 
municipality  may  be  suitably  protected. 
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PREFACK 


By  Alfbbd  H.  Brooks. 


S3^tematic  geologic  surveys  and  investigations  of  the  mineral 
resources  of  the  Yukon-Tanana  region  were  begun  in  1903  and  were 
carried  on  in  each  succeeding  year  until  1911.  For  the  first  five 
years  the  work  consisted  of  geologic  exploration  without  base  maps 
and  afforded  little  opportunity  for  areal  mapping.  Meanwhile, 
however,  topographic  surveys  of  the  region  were  being  made,  and 
during  the  last  four  years  the  geologist  has  usually  had  a  base  map 
on  which  to  outline  his  stratigraphic  units  and  has  been  able  to 
make  his  investigations  more  detailed.  For  the  most  part,  however, 
the  work  has  been  of  a  reconnaissance  character  except  near  Fair- 
banks, where  a  detailed  geologic  map  covering  about  436  square 
miles  was  made;  elsewhere  the  results  have  warranted  the  prepara- 
tion of  very  general  geologic  maps  only.  While  these  investigations 
were  going  on  many  reports  covering  the  subject  of  mineral  resources 
at  some  length  and  presenting  geologic  data  were  being  published 
(see  pp.  10-11),  and  it  seemed  best  to  defer  the  publication  of  the 
geologic  reconnaissance  maps  until  a  large  part  of  the  field  had  been 
covered,  thus  permitting  the  correlation  of  the  residts  obtained  in 
the  different  districts. 

The  unit  of  publication  for  these  maps  is  a  quadrangle  including 
4^  of  longitude  and  2^  of  latitude.  The  quadrangles  mapped,  named 
from  east  to  west,  are  the  Fortymile,^  Circle,  Fairbanks,  and  Ram- 
part, all  of  which  have,  for  the  most  part,  been  both  geologically  and 
topographically  surveyed.  A  topographic  base  map  for  each  quad- 
rangle has  been  issued,  and  an  account  of  the  geology  and  mineral 
resources  of  the  Fortymile  quadrangle '  has  been  published. 

The  geologic  reconnaissance  mapping  of  the  Fairbanks  quadrangle 
was  completed  in  1910,  and  the  residts  are  now  in  course  of  publi- 
cation.'   In  1911  the  reconnaissance  of  both  the  Circle  and  Rampart  ^ 

1  The  FortTmlle  quadmigle,  which  Is  adjacent  to  the  boandary,  includes  only  1*  of  longitude  and  1*  of 
latitude. 

*  The  FortymUft  qoadiangle,  Yukon-Tanana  region,  Alaska,  by  L.  M.  Prlndle:  Bull.  U.  8.  Oeol.  Survey 
No.  375, 1900. 

I  Prindle,  L.  M.,  Geologic  reconnaissance  of  the  Fairbanks  quadrangle:  Bull.  U.  S.  Oeol.  Survey  No. 
525, 1013. 

*  Eakin,  H.  II.,  Geologic  reconnaissance  of  a  part  of  the  Rampart  quadrangle,  Alaska:  Bull.  U.  S.  Oeol. 
Survey  No.  536, 1013. 
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quadrangles  was  completed. '  None  of  the  quadrangles  were  entirely 
covered  by  geologic  mapping,  but  as  the  blank  areas  could  be  filled 
in  only  at  the  expense  of  much  time  and  money  it  seemed  best  to 
issue  the  maps  in  incomplete  form. 

No  one  not  familiar-  with  the  Yukon-Tanana  region  can  realize 
the  difficulties  that  are  encountered  in  its  geologic  mapping.  Though 
the  region  is  now  well  known,  much  of  it  is  so  inaccessible  that  it  can 
be  investigated  geologically  only  by  a  well-equipped  expedition 
organized  to  work  a  hundred  miles  or  more  from  a  base  of  supplies. 
Inaccessibility,  however,  is  the  least  6f  the  difficulties.  The  com- 
plexity of  the  geology  and  the  absence  over  large  areas  of  bedrock 
exposures  have  made  the  geologic  work  extremely  arduous.  Most 
of  the  surveys  have  been  made  by  expeditions  moving  rapidly  and 
having  little  opportunity  for  exhaustive  study  of  any  particular 
locality.  The  geologist  has  been  forced  to  seek  his  facts  along  routes 
of  travel  determined  by  physical  obstacles,  shortness  of  field  season, 
etc.,  instead  of  being  able  to  follow  up  special  problems  that  might 
help  to  unravel  the  complexities  of  stratigraphy.  Working  under 
these  conditions  Mr.  Prindle  and  his  assistants  have  in  less  than  a 
decade  outlined  the  larger  stratigraphic  units  in  an  area  of  more  than 
40,000  square  miles  and  have  thus  paved  the  way  for  the  detailed 
investigations  which  must  be  undertaken  before  a  full  knowledge 
of  the  sequence  and  structure  of  the  rocks  can  be  gained.  The 
results  are  of  value  no^  only  to  the  science  of  geology  but  also  to  the 
prospector  and  miner,  to  whom  they  supply  a  knowledge  of  the 
distribution  and  association  of  the  mineral  deposits.  With  the 
publication  of  this  series  of  reports  on  the  Yukon-Tanana  region 
the  first  epoch  of  the  geologic  survey  of  the  region  will  be  closed. 
The  completion  of  the  work  will  be  followed,  as  soon  as  circuntistances 
will  permit,  by  more  detailed  examinations  of  especially  selected 
areas. 


A  GEOLOGIC  RECONNAISSANCE  OF  THE  CIRCLE 
QUADRANGLE,  ALASKA. 


By  L.  M.  PuNDLE. 


INTRODUCTION. 

The  Tukon-Tanana  r^on  comprises  an  area  of  about  50,000  square 
miles  lying  between  Yukon  and  Tanana  rivers  weet  of  the  international 
boundary.  For  purposes  of  mapping  and  description  this  area  has 
been  divided  into  tie  Fortymile,  CSrcle,  Fairbanks,  and  Rampart 
quadrangles. 

The  Circle  quadrangle  (fig.  1)  contains  about  17,000  square  miles 
and  includes  several  districts  that  have  been  productive  of  placer 


nooai  1,— Indu  map  ibowlDf  location  ot  Clnd*  quidnnfl*  (No.  Ml). 

gold.  The  moet  important  of  these,  the  Birch  Creek  district,  was  the 
site  of  some  of  the  earliest  prospecting  in  the  interior  of  Alaska;  and 
the  abundant  reeulta  of  the  discoveries  of  gold  in  it  in  1893  led  to  the 
exploration  of  adjacent  areas  accessible  from  the  Yukon  and  of  small 
valleys  tributary  to  the  Yukon  above  Circle,  including  Woodchopper, 
Coal,  and  Washington  creeks.  In  the  eastern  part  of  the  quadrangle 
some  placer  ground  was  discovered  in  the  upper  valley  of  the  Seventy- 
mile  and  on  the  North  Fork  of  Fortymile.    The  establishment  of  a 
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Gtovemment  telegraph  line  and  stations  and  the  construction  of  a 
trail  from  Eagle  by  way  of  North  Fork  of  Fortymile  and  Ooodpaster 
rivers  to  the  Tanana  rendered  the  eastern  and  southern  portions  more 
accessible.  The  discoveries  of  gold  in  the  Fairbanks  district  in  1902 
and  the  subsequent  rapid  development  of  that  region  afforded  new 
bases  of  supply  for  prospectors  and  made  large  areas  in  the  westeni 
part  of  the  quadrangle  comparatively  easy  of  access. 

The  rapidly  growing  importance  of  the  gold-placer  districts  m 
Alaska  led  to  topographic  and  geologic  work  by  the  Crovemment. 
Spurr  ^  visited  the  Birch  Creek  district  in  1895.  Brooks '  explored 
Tanana  River,  which  sweeps  the  southwest  comer  of  the  quadrangle, 
in  1898.  Collier '  studied  the  geology  of  the  northeastern  portion  of 
the  quadrangle  adjacent  to  Yukon  River  in  1902.  Prindle  spent  a 
portion  of  the  field  seasons  of  1903,  1904,  and  1905  and  the  whole  of 
the  field  season  of  1911  in  the  area  of  the  Circle  quadrangle.  Stone  ^ 
traversed  the  northwestern  portion  of  the  quadrangle  in  1905.  Brooks 
and  Kindle  *  studied  the  geology  of  the  northeast  portion  adjacent  to 
the  Yukon  in  1906. 

The  geologic  work  in  1903,  1904,  and  1905  was  done  without  a  map. 
Rough  foot  traverses  were  made  upon  which  the  geologic  results  were 
assembled.  The  topographic  map  of  the  Circle  quadrangle,  the  result 
of  surveys  made  in  1903,  1904,  1905,  and  1908,  was  available  for  the 
geologic  work  of  1911,  and  upon  this  map  have  been  assembled  for 
this  report  the  available  geologic  data,  both  published  and  unpub- 
lished. The  fact  must  be  emphasized  that  in  comparison  with  the 
size  of  the  area  the  amoimt  of  work  done  is  small  and  that  the  results 
are  in  very  large  degree  only  preliminary.  Some  of  these  results  have 
already  been  published,  and  in  this  report  free  use  has  been  made  of 
these  and  of  all  Survey  work  in  this  area.  In  the  reconnaissance  work 
of  1904  the  writer  was  assisted  by  Frank  L.  Hess,  in  1905  by  Adolph 
Knopf,  and  in  1911  by  J.  B.  Mertie,  jr. 

The  following  list  of  publications  of  the  Geological  Survey  contains 
not  only  the  names  of  reports  bearing  upon  the  area  imimediately  under 
discussion  but  also  of  those  on  the  adjacent  areas  in  the  Yukon  basin. 

*The  coal  resourceB  of  the  Yukon,  Alaska,  by  A.  J.  Collier.  Bulletin  218, 1903,  71  pp. 
*The  gold  placers  of  the  Fortymile,  Birch  Greek,  and  Fairbanks  regions,  by  L.  IL 

Prindle.    Bulletin  251, 1905,  89  pp. 
Yukon  placer  fields,  by  L.  M.  Prindle.    In  Bulletin  284, 1906,  pp.  109-131. 
Beconnaissance  from  Circle  to  Fort  Hamlin,  by  R.  W.  Stone.    In  Bulletin  284,  1906. 
pp.  128-131. 


*  Survey  stock  ezbsotted;  may  be  parohafled  firom  the  Sapari&teode&t  of  DooomenU,  WadiiiigtoB, 
D.  C,  or  may  be  seen  at  most  pnbllc  llbraiiBB. 

I  Spurr,  J.  E.,  Geology  of  the  Yukon  gold  district:  Eighteenth  Ann.  Rept  U.  S.  Oeol.  Surrey,  pt.  t^ 
18BB,  pp.  87-^302. 

*  Brooks,  A.  H.,  A  reoonnaissanoe  in  the  White  and  Tanana  river  basins,  Alaska,  in  1808:  Twentieth 
Ann.  Kept.  U.  S.  Oeol.  Survey,  pt.  7,  IWO,  pp.  125-494. 

*  ColUer,  A.  J.,  The  ooal  rcaouroes  of  the  Yukon,  Alaska:  Bull.  U.  S.  Oeol.  Survey  No.  218,  IQOa. 
« Stone,  R.  W.,  Bull.  U.  S.  Oeol.  Survey  No.  284,  ig06,  pp.  128-131. 

*  Brooks,  A.  H.,  and  Kindle,  E.  If.,  Bull.  Geot.  Soc.  America,  vol.  10, 1008,  pp.  266-S14. 
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The  Yiikon-Tttiuaia  reg^tm,  Alaska;  deaciiption  of  the  Circle  quadrangle,  by  L.  M. 

Prindle.    Bulletin  295,  1906,  27  pp. 
The  Bonnifield  and  Kantiahna  regions,  by  L.  M.  Prindle.    In  Bulletin  314,  1907, 

pp.  206-^226. 
The  Circle  precinct,  Alaska,  by  A.  H.  Brooks.    In  Bulletin  314,  1907,  pp.  187-204. 
^The  Fairbanks  and  Bampart  quadrangles,  Yukon-Tanana  region,  Alaska,  by  L.  M. 

Prindle,  F.  L.  Hess,  and  C.  C.  Covert.    Bulletin  337, 1906, 102  pp. 
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345, 1908,  pp.  179-186. 
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187-197. 
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1906,  pp.  198-205. 
The  Fortymile  quadrangle,  by  L.  M.  Prindle.    Bulletin  375, 1909,  52  pp. 
Water-supply  investigations  in  Yukon-Tanana  region,  1906-1908,  by  C.  C.  Covert 

and  C.  E.  Ellsworth.    Water-Supply  Paper  228, 1909, 108  pp. 
*The  Fairbanks  gold-placer  region,  by  L.  M.  Prindle  and  F.  J.  Eatz.    In  Bulletin 

379,  1909,  pp.  181-200. 
*Water  supply  of  the  Yukon-Tanana  region,  1907-8,  by  C.  C.  Covert  and  C.  E.  Ells- 
worth.   In  Bulletin  379,  1909,  pp.  201-228. 
*Gold  placers  of  the  Ruby  Creek  district,  by  A.  G.  Maddren.    In  Bulletin  379,  1909, 

pp.  229-233. 
*PlaceiB  of  the  Gold  Hill  district,  by  A.  G.  Maddren.    In  Bulletin  379, 1909,  pp.  234- 

237. 
*Gold  placers  of  the  Innoko  district,  by  A.  G.  Maddren.    In  Bulletin  379,  1909, 

pp.  238^266. 
The  Innoko  gold-placer  district,  with  accounts  of  the  central  Kuskokwim  Valley  and 

the  Ruby  Creek  and  Gold  Hill  placers,  by  A.  G.  Maddren.    Bulletin  410,  1910, 

87  pp. 
Sketch  of  the  geology  of  the  northeastern  part  of  the  Fairbanks  quadrangle,  by 

L.  M.  Prindle.    In  Bulletin  442, 1910,  pp.  203-^209. 
The  auriferous  quartz  veins  of  the  Fairbanks  district,  by  L.  M.  Prindle.    In  Bulletin 

442, 1910,  pp.  210-229. 
Placer  mining  in  the  Yukon-Tanana  region,  by  C.  E.  Ellsworth.    In  Bulletin  442, 

1910,  pp.  230-245. 
Occurrence  of  wolframite  and  cassiterite  in  the  gold  placers  of  Dead  wood  Creek, 

Birch  Greek  district,  by  B.  L.  Johnson.    In  Bulletin  442, 1910,  pp.  246-250. 
Water  supply  of  the  Yukon-Tanana  region,  by  C.  E.  Ellsworth.    In  Bulletin  442, 

1910,  pp.  251-283. 

The  Koyukuk-Chandalar  gold  region,  by  A.  G.  Maddren.    In  Bulletin  442,  1910, 

pp.  284-315. 
*Gold  placers  between  Woodchopper  and  Fourth  of  July  creeks.    In  Bulletin  520, 

1911,  pp.  201-210. 

Tdpographic  maps. 

Fortymile  quadrangle ;  scale,  1:260,000;  by  E.  C.  Barnard.    For  sale  at  10  cents  a 

copy  or  $3  for  fifty. 
Ftdrbanks  quadrangle ;  scale,  1: 250,000;  by  T.  G.  Gerdine,  D.  C.  Witherspoon,  and 

R.  B .  Oliver.    For  sale  at  60  cents  a  copy  or  |15  for  fifty. 
Rampart  quadrangle;  scale,  1:250,000;    by  D.  C.  Witherspoon  and  R.  B.  Oliver. 

For  sale  at  20  cents  a  copy  or  16  for  fifty. 

*  Survvy  stock  tiElUMiited;  may  be  pundMsed  tnm  the  SaiNrinteiidcot  of  Docaments,  Washington, 
D.  C,  or  may  be  seen  at  most  pabUo  libraries. 
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Fairbanks  special  map;  scale,  1: 62,500;  by  T.  G.  Gerdine  and  R.  H.  Sazgent.     For 

sale  at  20  cents  a  copy  or  $6  for  fifty. 
*Yukon-TaDana  region,  reconnaissance  map;  scale,  1:625,000;  by  T.  6.  Gerdine. 

Contained  in  Bulletin  251, 1905.    Not  published  separately. 
'Fairbanks  and  Birch  Creek  districts,  reconnaissance  maps;  scale,  1:250,000;   by 
T.  G.  Gerdine.    Contained  in  Bulletin  251, 1905.    Not  issued  separately. 
Circle  quadrangle,  Yukon-Tanana  region;  scale,  1:250,000;  by  D.  C.  Witherspoon. 
Contained  in  BuUetin  295.    For  sale  at  50  cents  a  copy. 

OEOORAPHT  OF  THE  TUKON-TANANA  REGION. 

The  portion  of  the  central  plateau  province  of  Alaska  included 
between  Yukon  and  Tanana  rivers  is  similar  in  its  major  features  to 
the  related  portions  north  and  south  of  those  streams.  It  is  an 
upland  characterized  by  a  general  level  above  which  rise  many  ridges 
and  isolated  domes  and  below  which  a  minutely  ramifying  drainage 
system  has  deeply  intrenched  itself.  In  the  eastern  portion  the  gen- 
eral surface  attains  its  greatest  elevationi  rising  to  about  4^000  feet 
above  sea  level.  The  northern  edge  of  the  upland  overlooking  the 
Yukon  Valley  rises  to  about  3,000  ff  et  and  the  southern  edge  overlook- 
ing the  Tanana  Valley  to  about  2,000  feet.  The  elevation  of  the 
Yukon  Valley  is  about  800  feet  in  the  extreme  eastern  portion  of  the 
region  and  about  400  feet  at  the  mouth  of  the  Tanana,  in  the  extreme 
western  portion.  The  highest  domes  that  rise  above  the  general  level 
attain  altitudes  of  about  5,000  feet  and  several  moimtain  groups  and 
ridges  stand  from  5,000  feet  to  over  6,600  feet  above  sea  level. 
Among  these  are  the  Glacier  Mountains  in  the  vicinity  of  Eagle,  the 
mountainous  country  of  the  Charley  River  and  Goodpaster  regions, 
the  White  Mountains  in  the  Beaver  Creek  region,  and  the  group  of 
hiUs  of  steep  relief  near  Rampart.  Most  of  these  areas  of  high  relief  are 
due  to  the  fact  that  the  rocks  composing  them  are  mainly  igneous  and 
are  more  resistant  to  weathering  than  the  rocks  of  adjacent  r^ons. 

The  drainage  of  the  region  belongs  entirely  to  Yukon  and  Tanana 
rivers.  The  valley  of  the  Yukon  in  this  region  is  made  up  of  an  upper 
narrow  canyon-like  portion,  a  wide  flat  lowland  known  as  the  Yukon 
Flats,  and  a  lower  canyon-like  portion  extending  from  the  lower  end 
of  the  flats  to  the  mouth  of  the  Tanana.  Tanana  River  ia  dose 
against  the  southern  edge  of  the  upland,  and  the  Tanana  Flats, 
similar  to  the  Yukon  Flats,  separate  the  Yukon-Tanana  upland  from 
the  similar  upland  flanking  the  northern  base  of  the  Alaska  Range. 
The  tributaries  of  the  two  rivers  in  the  Yukon-Tanana  region  are  not 
separated  by  any  weU-defined  divide  but  are  most  intimately  inter- 
twined. In  general,  the  interstream  or  upland  areas  predominate  over 
the  stream  or  lowland  areas.  The  valleys  are  comparatively  narrow 
and  canyon-like,  and  the  lowlands  are  not  extensively  developed  except 
near  Yiikon  and  Tanana  rivers  dnd  especially  near  their  confluence. 
In  general,  then,  the  Yukon-Tanana  region  is  a  compact  body  of 
upland  deeply  dissected  by  comparatively  narrow  stream  systems. 

*  Survey  stock  axhaiuted;  may  be  purohaaBd  firom  the  Sapeiintendent  of  Doeiunflnta^  WMhJngtoti, 
~>.  C,  or  may  be  eeen  at  most  pubUo  Ifbrarto. 
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GEOORAPHT  OF  THE  CIBCIjE  QUADRANOIjE. 

LOCATION  AND  BZTBNT. 

The  Circle  quadrangle  lies  between  meridians  142^  and  146^  west 
longitude  and  parallels  64^  and  66^  north  latitude.  It  is  about  140 
miles  long  from  north  to  south,  about  120  miles  wide,  and  has  an 
area  of  about  17,000  square  miles.  The  northeast  comer  of  the 
quadrangle,  including  about  3,000  square  miles  lying  north  of  Yukon 
River,  is  immapped,  has  not  been  traversed  by  Survey  parties,  and  is 
not  included  in  this  discussion. 


The  surface  of  the  Circle  quadrangle  is  the  most  diversified  in  the 
Yukon-Tanana  region.  It  is  separable  into  two  main  topographic 
subdivisions — the  Tanana  lowland  and  the  upland,  which  is  bounded 
on  the  north  by  the  Yukon  Flats. 

The  upper  end  of  the  Tanana  lowland,  which  comprises  a  com- 
paratively small  area  in  the  southwest  comer  of  the  Circle  quad- 
rangle, has  an  elevation  above  seaievel  at  the  mouth  of  Ddta  River 
of  940  feet.  Delta  and  Tanana  rivers,  whose  flats  constitute  most 
of  the  lowland,  are  distributed  in  many  interlacing  channels  in  which 
the  water  flows  swiftly  between  gravel  bars.  The  valleys  of  the 
tributaries  of  the  Tanana  from  the  north  widen  sharply  as  they 
approach  the  main  stream  and  finally  merge  with  the  Tanana  low- 
land. Long  ridges  from  the  upland  terminate  abruptly  at  Tanana 
River. 

The  Circle  quadrangle  contains  a  greater  proportion  of  upland  than 
any  other  quadrangle  in  the  Yukon-Tanana  region.  It  also  contains 
the  highest  points  in  the  region,  among  these  being  two  peaks  in  a 
high  ridge  near  the  head  of  Charley  River  (6,284  and  6,340  feet  above 
sea  level)  and  a  peak  at  the  head  of  Healy  River  (6,515  feet,  the 
highest  elevation  in  the  region). 

The  upland  has  an  extreme  elevation  of  about  4,000  feet  in  the 
central  part  of  the  quadrangle  near  the  headwaters  of  Fortymile, 
Charley,  and  Goodpaster  rivers.  This  general  level  is  strikingly 
maintained  in  the  long  flat-topped  spurs  that  extend  both  north 
and  south  from  the  divide  separating  (}oodpaster  and  Fortymile 
waters,  and  it  is  traceable  to  the  vicinity  of  both  Yukon  and  Tanana 
rivers,  where  its  elevation  is  about  3,000  feet  above  sea  level.  The 
imifonnity  of  level  is  shown  in  Plate  III,  A.  For  comparison  the 
same  feature  is  shown  in  Plate  III,  B,  from  a  point  more  than  100 
miles  farther  east. 

In  the  vicinity  of  the  Yukon  in  the  northeastern  part  of  the  quad- 
rangle a  belt  10  to  25  miles  wide,  lying  2,500  to  2,000  feet  above  sea 
levd,  contrasts  with  the  higher,  rougher  country  to  the  south  and  is 
characterized  by  more  uniform  and  more  even-topped  ridges  that 
continue  to  the  iTukon. 
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The  ridges  rising  above  the  general  level  are  most  conspicuous. 
The  highest,  so  far  as  observed,  are  composed  of  igneous  rocks  and 
owe  their  pronounced  relief  to  their  resistance  to  weathering.  As 
igneous  rocks  form  one-third  or  more  of  the  total  area  of  the  quad- 
rangle, ridges  due  to  their  influence  predoxninate. 

"nie  ridges  have  no  general  trend.  They  are  bulky  forms,  many 
of  which  are  surmounted  by  narrow,  saw-tooth  ridge  crests  culmi- 
nating in  precipitous  peaks.  The  steep  ridge  slopes  are  strewn  with 
masses  of  granitic  blocks,  which  in  many  places  assmne  a  more  or 
less  lobelike  arrangement.  On  some  ridges  the  granite  has  weathered 
into  grotesque  forms,  which  at  a  distance  resemble  monuments  and 
buildings.  Isolated  domes  are  common,  rising  from  a  few  hundred 
to  1,000  feet  or  more  above  the  general  level.  Like  the  ridges,  they 
owe  their  existence  to  the  resistance  to  weathering  of  the  rocks  com- 
posing them. 

DBAINAaB. 

The  vfdleys  are  very  uniform.  ^Similar  streams  head  at  about  the 
same  level,  are  intrenched  to  about  the  same  depth,  have  approxi- 
mately the  same  grade,  and  carry  about  the  same  amount  of  water. 
These  facts  have  an  important  bearing  on  hydraulic  development, 
limiting  the  use  of  the  streams  for  power.  Most  of  the  valleys  are 
narrow,  and  the  total  amount  of  open  valley  land  is  small  and  is 
confined  to  the  immediate  vicinity  of  Yukon  and  Tanana  rivers. 

The  most  important  tributaries  of  the  Yukon  are  Birch  Creek, 
Charley  River,  and  Fortymile  River.  These  streams  are  all  formed 
of  many  large  and  widely  divergent  tributaries  which  drain  widely 
separated  areas,  and  the  main  trunk  streams  which  they  finally  form 
by  their  union  are  comparatively  short.  Their  upper  valleys  are 
for  the  most  part  open  and  are  characterized  by  flats  of  consider- 
able extent,  which  are  especially  well  developed  in  the  upper  valley 
of  Charley  River.  The  valleys  of  the  main  trunks  before  the  streams 
leave  the  upland  and  enter  the  valley  of  the  Yukon  are  narrow  and 
canyon-like.     (See  PI.  VI,  A.) 

The  most  important  tributaries  of  the  Tanana  are  Chena,  Salcha, 
and  Goodpaster  rivers.  These  streams  flow  in  more  or  less  parallel 
courses  and  dilffer  from  the  tributaries  of  the  Yukon  in  consisting 
each  of  a  long  main  stream  with  subordinate  branches  entering  from 
either  side.  Their  valleys  are  comparatively  narrow  except  in  the 
immediate  vicinity  of  Tanana  River,  and  most  of  them  become 
narrower  headward,  merging  into  the  deeply  intrenched,  canyon-like 
valleys  of  the  headwaters.  The  head  of  Salcha  River  is  an  excep- 
tion; owing  to  the  slow  process  of  cutting  across  the  granite  area  at 
West  Point  its  upper  valley  has  become  open. 

In  following  the  very  irregular  and  ill-defined  drainage  parting 
'between  Yukon  and  Tanana  rivers  the  contrast  between  the  open 

vlleys  of  the  head  of  the  Yukon  drainage  and  the  canyon-like 
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beginnings  of  the  Tanana  drainage  is  found  to  be  very  general  and 
very  striking.     (See  PL  IV.) 

Very  many  of  the  smaller  valleys  are  unsymmetrical  in  cross  sec- 
tion, having  on  one  side  a  comparatively  steep  slope  with  the  stream 
flowing  close  to  its  base  and  on  the  other  side  a  long  gentle  slope 
rismg  gradually  for  1,000  feet  or  more  and  merging  with  a  gentle 
ridge  slope.  This  feature  is  in  most  places  independent  of  the 
geologic  structure  and  is  most  common  on  the  west  side  of  the 
valley,  where  the  sun  has  more  influence  than  on  the  opposite  side. 
The  western  slope  is  the  first  to  get  the  influence  of  the  morning  sun 
and  has  consequently  undergone  more  rapid  weathering. 

Benches  are  conspicuous  in  some  of  the  valleys,  notably  in  that 
of  Seventymile  River,  along  which  a  very  prominent  bench  about  a 
mile  wide  lies  about  500  feet  above  the  stream  level  (PL  V,  B). 
Other  benches  occur  at  lower  levels,  and  the  stream  is  now  flowing 
in  a  bed  limited  by  a  sharp  rock-cut  bench  whose  height  averages 
about  15  feet  above  the  stream,  ^ove  the  level  of  these  benchesi 
all  of  which  are  definitely  related  to  the  present  stream  system,  are 
other  benchlike  flats,  which  lie  on  the  slopes  of  the  ridges  to  a  height 
of  about  4,000  feet  or  more  above  sea  level.     (See  PL  V,  A.) 

Incised  meanders  are  conmion  on  some  of  the  streams.  A  notable 
occurrence  is  on  North  Fork  of  Fortymile  River  near  the  eastern  edge 
of  the  quadrangle,  at  a  place  called  the  Kink.  North  Fork  meanders 
in  a  narrow  rock-cut  canyon  about  600  feet  below  the  benches  which 
formed  the  old  valley  of  the  Fortymile.  The  meander  forming  the 
Kmk  is  2f  miles  long,  but  the  distance  across  the  neck,  which  is 
fonned  by  a  ridge  of  schist  about  100  feet  high,  is  only  100  feet. 
The  narrowness  of  the  barrier  made  it  possible  to  blast  a  cut  through 
it  and  to  draw  off  the  stream,  draining  the  river  bed  for  the  whole 
2}  miles  and  facilitating  prospecting.  The  entire  stream  now  flows 
through  the  cut  over  a  fall  and  rapids  about  17  feet  high  (PL  VI,  B), 

Some  of  the  conditions  affecting  the  development  of  the  streams 
in  the  Circle  quadrangle  are  imlike  those  prevailing  in  more  tem- 
I  perate  regions.  Normally  the  ice  of  lakes  and  the  larger  rivers  may 
\  freeze  in  winter  to  a  thickness  of  5  or  6  feet,  but  in  spite  of  the  ex- 
treme cold  much  water  remains  in  circulation  in  the  streams,  and 
the  thickness  of  the  ice  is  often  increased  at  the  top  by  the  breaking 
I  out  of  the  water  at  some  point  higher  upstream  and  the  consequent 

>  flooding  of  the  ice  already  formed.    Repetitions  of  this  process  may 

>  result  in  a  considerable  thickening  of  the  ice.    Areas  of  ice,  acres  in 
I  extent  and  10  jFeet  or  more  in  thickness,  formed  in  this  manner  linger 

in  the  valleys  of  some  of  the  streams  throughout  most  of  the  summer. 
(PL  Vn,  A.)  The  ice  exercises  a  determining  influence  in  the  dis- 
tribution of  the  water  as  spring  begins.  Erosion  starts  first  along  the 
margins  of  the  mass  and  the  water  beneath  the  ice  becomes  rather 
evenly  distributed  over  a  more  or  less  flat  body  of  gravel,  whic^ 
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some  placed  is  packed  nearly  as  smooth  as  a  pavement.  (See  PI. 
VII,  B.)  Lateral  erosion  is  accelerated  and  flats  several  hundred 
feet  wide  and  a  mile  or  more  in  length  may  be  formed.  This  process 
has  been  observed  to  be  effective  in  many  valleys  andhasimdoubtedly 
been  active  in  the  production  of  the  flats  so  characteristic  of  many 
streams. 

Another  influence  that  has  modified  the  normal  valley  develop- 
ment has  been  the  local  glaciation  described  in  more  detail  on  pages 
34-35.  Cirques  and  U-shaped  valleys  have  been  formed  and  morainal 
material  has  been  deposited  and  has  to  some  extent  modified  the 
dralQage. 

CUaCATB. 
,  TEMPEBATUBE. 

The  climate  of  the  Yukon-Tanana  region,  though  influenced  in 
part  by  distance  from  the  coast  and  altitude  above  sea  level,  is 
deternuned  mainly  by  the  latitude.  Liong,  cold  winters,  short  sum- 
mers, and  permanently  frozen  ground  are  among  the  main  charao 
teristics.  Temperatures  of  80^  F.  below  zero  and  90"^  or  more  above 
zero  have  been  reported.  The  alluvial  deposits  are  for  the  most 
part  permanently  frozen  to  great  depths,  some  having  been  reported 
frozen  for  more  than  300  feet  below  the  surface.  Ice  freezes  on  deep, 
quiet  water  to  a  thickness  of  5  to  6  feet. 

The  Yukon  at  Circle  closes  to  navigation  about  the  middle  of 
October  and  opens  again  about  the  middle  of  May.  At  the  level  of 
the  Yukon  killing  frosts  seldom  occiu*  diu*ing  June  and  July,  but 
during  the  later  half  of  May  and  early  June  and  the  later  half  of 
August  they  may  be  frequent. 

PREGIPrrATION. 

The  summers  vary  greatly  in  character.  In  some  of  them  long 
periods  of  fine  weather  occur  in  Jime  and  July,  and  but  little  rain 
falls  throughout  the  season.  In  others  thunderstorms  and  rainy 
periods  are  frequent,  and  the  total  rainfall  is  comparatively  heavy. 
In  general,  however,  the  area  is  semiarid  and  the  total  precipitation 
during  the  sunmier  is  less  than  1  foot. 

The  following  data  on  precipitation  are  abstracted  from  the  report 
of  Ellsworth  and  Parker.* 

Precipitation  records  for  1910  show  that  the  rainfall  at  Fairbanks 
was  about  15  per  cent  below  the  average  from  1906  to  1910;  at  Fort 
Gibbon  it  was  about  6  per  cent  below  the  average  from  1904  to  1910; 
and  at  Fort  Egbert  it  was  about  2  per  cent  above  the  average  from 
1903  to  1910.  At  Rampart  a  precipitation  of  only  5.32  inches  was 
recorded,  which  is  lower  than  that  of  any  other  year  since  the  begin- 
ning of  records  at  that  station,  in  1905,  and  only  about  one-half  the 
average  for  the  last  sue  years. 

1  Ellsworth,  0.  E.,  and  Parker,  G.  L.,  W»t«r  sapply  of  the  Yukon-Tanana  region,  1910:  BaU.  V.  & 
Q90I  Survey,  No.  480, 1911,  pp.  176-178. 
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A  comparison  of  the  records  of  1910  with  those  of  1909  shows  a 
small  decrease  at  Fairbanks  and  Fort  Gibbon  and  a  considerable 
increase  at  Fort  Egbert.  At  Rampart  the  decrease  was  nearly  50 
per  cent  from  the  precipitation  of  1909. 

Although  there  is  a  wide  difference  from  month  to  month  and  from 
year  to  year  in  the  rainfall  at  the  several  stations  in  the  Yukon- 
Tanana  region,  the  mean  yearly  precipitation  at  each  station  for  the 
period  covered  by  the  records  is  uniformly  close  to  the  average  of  the 
means  of  all  the  stations.  In  other  words,  the  records  show  no  uni- 
form difference  in  precipitation  throughout  this  area. 

The  following  table  gives  the  monthly  precipitation  at  all  points  in 
the  Yukon-Tanana  region  where  records  have  been  kept  subsequent 
to  1903.  Such  scattered  records  as  were  kept  previous  to  1903  have 
been  compiled  by  Abbe.' 

UanSdy  precipitatitm,  in  uw&o,  at  ttatiortt  in  Yuhm-Taruma  rtgion,  1903-1910. 

[tUlnblt  or  molted  mov  li  gtrm  In  tha  flnt  Ibu;  innrlill  b  tbe  MooDd  Ibw.] 
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Monthly  precipitation,  in  inehe»,  at  itatitnu  in  Yubon-Tanana  region^  lSOS-1910 — C<kl 
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July. 

Aug. 

S^lC 

OeL 

Nov. 

I>ec 

Aa. 

raoL 

190»| 

1910| 

1904 
1905 

]906| 
1907/ 
19081 
1909{ 

1909/ 

1910 
1905 

1906 

1907 

1908| 

1907{ 

1908| 

1909{ 

1905 

1906 

1907 

1908 

1909/ 

1910| 

1907 

1904 
1905 
1906 

1.76 

3.19 

.36 

.44 
4.4 

1.10 
11.0 

xa6 
33.6 

HotSprhip... 

1.64 
16.4 

.08 
.3 

.60 

6.0 

.30 

3.0 

.34 
3.4 
1.80 

.30 
1.60 

.76 

•3.16 

L33 

Do 

K«R*rhniP>ti>lc- 

.83 
1.56 
1.61 

2.33 

.40 

3.35 

.94 
1.48 
3.51 

.64 

X16 

.61 

.30 
1.16 

.31 
4.3 

.72 
9.0 

.06 
.30 
.26 
.6 

.40 
4.0 

.90 
0.0 

.33 

.30 
.30 

3.0 

Do 

Do 

.90 
.36 

4,0 
.13 

3.0 

0 

0 

0 

0 

.10 
.05 
.5 
.20 

3.0 

0 

0 
.30 
.5 

.05 

.06 
1.0 

.27 
4.0 

.41 
5.0 

.10 
1.0 

.40 
.37 
5.0 
Tr. 

*.*46* 
4.0 
.30 

9.01 
11.11 
18.  J 

1.30 
IZO 
1.78 

3.03 

1.60 

3.14 

.49 
3.0 
1.86 

Do 

" ... . . 
.30 
3.0 

Do 

1.77 

3.30 

3.33 



0 
0 

3.66 

3.39 

Do 

"l 

3.98 

1.36 

.60 
4.0 
1.03 
1.66 

.73 

.83 
8.0 

".*43* 
3.3 
1.40 

13.0 

.30 
&.0 

"lio 

.56 
4.S 

.ao 
2.0 

.30 
3.0 

.38 
4.5 

Miller  House.. 

Do 

.30 

1.94 

2.37 

.30 
1.91 
1.01 

Nocth  Fork... 

Do 

.70 
7.0 

.69 
15.5 

.50 
5.0 

.50 
5.0 

.28 
3.0 

.37 
3.0 

.80 
8.0 
Tr. 

1.98 

3.74 

3.60 

12.  Jl 
33.3 

T%.». 

1.34 
4.0 

1.93 

1.57 

3.19 

3.0 
5.0 

Do 

Do 

Tr. 

i 

1.40 

3.70 

L70 
34.0 
.76 
6.9 

.26 
3.3 

.35 
4.4 

1.09 

Poker  Creek... 

• 

6l8 

Do 

**.'68" 

8.8 

1.32 
10.5 
.09 
2.0 

".03* 
.5 

.43 
&0 

.42 
8.0 

.56 

1.80 

3.03 

.90 

2.46 
4.6 

.61 ; 

ia.6  1      - 

Do 

1.11 
3.5 

1.33 

2.01 

3.01 

Rampart 

1.33 
.15 

1.99 
1.86 

3.19 
3.40 

1.70 
.59 

1.30 
.61 

1.41 

.96 
10.3 

.56 
6w3 

.73 
3.6 

.35 
3.6 

.36 
3.6 

.33 

.33 

3.5 

Do 

.63 
7.2 

1.17 
12.0 
1.08 
11.5 
.00 
1.4 
.84 
ll.l 

.06 
2.0 

.44 
4.5 

.52 
6.9 

.10 
1.2 

.08 

.17 
1.8 
1.17 
12.8 

.81 
8.1 

.37 
6.2 

.36 
4.7 

.04 
.5 
.02 
2.5 

.58 

.40 

Do 

.44 

1.64 

3.39 

3.88 

3.63 

.65 

1.26  (  US 

1 

Do 

.83 

1.38 

1.13 

.46 

1.56 

.30 
5.1 
1.14 
14.4 

.45 
6.0 

• 

1.14  J  laa 
I6l8    '  sa.0 

Do 

.51 
5.6 

.07 
1.0 

1.04 

.85 

3.01 

1.41 

.36 
1.6 
.43 

1.99     ULS 
20.3      511 

Do 

.30 

.96 

.71 

.63 

.33      5.S: 

&0       33.1 

Summit  road 
bouse 

3.71 

.78 
.37 

3.37 

.89 
2.95 

ft8.83 
1.06 

TananaCross- 

ilJ£ 

1 

.76 
.14 

.15 
1.40 

.10        on  > 

™o 

.24 

.30 

.08 
.00 

.18 
Tr. 

.00 

.60 

1 

Do 

i 

i 

1 

a  July  16  to  31. 


h  Sept.  1  to  33. 


Precipitation  records  for  June  to  September,  inclusive,  at  several 
points  in  the  Yukon-Tanana  region  may  be  summarized  as  follows: 

Summary  of  summer  precipitation  in  Yukon' Tanana  region. 


.  StatioD. 

Maximum. 

Minimum. 

Mean 

(hichfls). 

DnraUMi 
ofraoorda. 

Tnctpi- 
tatxmfor 

Inches. 

Year. 

Inches. 

Year. 

1910 

(liicbes> 

Circle 

7.64 
8.37 

9.57 

laoi 

7.88 
9.83 

1907 
1907 

1905 

1905 

1906 
1907 

4.36 
3.97 

5.96 

4.98 

4.64 
3.74 

1908 
1908 

1900 

1908 

1904 
1910 

6w38 
5.97 

7.00 

6.59 

6.41 
5.66 

1907-1900 

1906-1910 

/1903.1906- 

1910 
1908-1906 
1907-1910 
1904-1908 
1905-1910 

Fairbanks 

6.39 

Fort  Efbert 

1         &9f 
1         6.36 

Fort  G  ibbon 

K«ClJa?n«t1llr '. 

Rampart. ......,,,.. 

3.74 

Mf*P . .   - 

6.35 

5.  S3 
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Uniformity  of  precipitation  throughout  the  Yukon-Tanana  region 
is  also  noticeable,  though  less  apparent,  in  the  summer  months.  In 
the  above  table  Fort  Egbert  has  the  highest  average  precipitation 
from  June  to  September  and  is  12  per  cent  above  the  mean  for  all 
the  stations;  Rampart  has  the  lowest  average  precipitation  and  is  11 
per  cent  below  the  mean  for  all  the  stations. 

The  table  also  shows  that  a  total  precipitation  as  high  as  10.01 
inches  and  as  low  as  2.74  inches  has  occurred  during  the  mining 
season,  and  it  leads  to  the  conclusion  that  the  general  scarcity  of  water 
for  mining  uses  during  1910  throughout  the  Yukon-Tanana  r^on 
(with  the  exception  of  the  Rampart  district)  was  not  due  to  an  unusu- 
ally smaU  amount  of  rainfall  in  the  aggregate  but  rather  to  its  dis- 
tribution with  respect  to  time  and  area.  A  study  of  the  run-off  from 
adjoining  drainage  basins  during  the  four  years  from  1907  to  1910 
indicates  that  a  wide  difference  in  stream  flow  may  be  expected  even 
though  geologic  and  topographic  conditions  are  apparently  veiy 
similar.  In  order  to  arrive  at  any  definite  conclusions  regarding  the 
areal  distribution  of  the  rainfall  by  a  comparison  of  simultaneous 
records,  it  would  be  necessary  to  have  a  greater  number  of  rain  gages 
more  systematically  located.  Such  comparisons  as  can  be  made  with 
the  existing  data,  however,  confirm  the  general  opinion  that  the 
precipitation  is  distributed  rather  unevenly.  This  condition  is  often 
noticeable  in  the  summer,  when  local  showers  visit  one  portion  of  the 
drainage  basin  and  do  not  reach  another  portion. 

VBGETATION. 

The  distribution  of  vegetation  is  shown  on  the  map  (fig.  2). 
Timber  line  is  about  2,50Q  feet  above  sea  level.  There  is  a  minimum 
of  vegetation  on  the  high  ridges  and  their  rock-strewn  slopes,  and  a 
maximum  in  some  of  the  larger  valleys  of  tributaries  to  Tanana 
River.  The  upper  zone  of  v^etation  is  characterized  by  more  or 
less  grass,  lichens,  moss,  low  bushes,  and  particularly  by  dwarf  birch 
and  aldjar.  On  many  ridges  of  intermediate  height  the  growth  of 
dwarf  birch  is  very  dense.  Most  of  the  lower  ridges  and  spurs  near 
the  main  drainage  lines  are  covered  with  a  dense  growth  of  small 
spruce.  In  the  larger  valleys  timber  is  more  or  less  abundant, 
especially  on  the  sunward-facing  slopes  of  the  valleys  near  the  main 
drainage  lines  and  over  portions  of  the  valley  floors.  Considerable 
timber  is  more  than  a  foot  in  diameter;  spruce  predominates,  but 
poplar  and  birch  are  abimdant  in  places,  especially  in  the  vicinity 
of  the  Tanana,  where  tamarack  also  is  conunon.  The  most  striking 
feature  of  the  distribution  is  the  contrast  between  the  upper  valleys 
of  tributaries  of  the  Yukon  and  those  of  the  Tanana.    Most  of  those 
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of  the  Yukon  are  compftratiTefy  bare  or  are  dotted  only  with  scatter^ 
ing  groups  of  spruce,  and  those  of  the  Tanana  are  tbicldy  timbered 
from  their  heads.  Willow  and  alder  grow  profusely  along  the  smaller 
stream  beds  throughout  the  area.  Grass  for  horse  feed  is  abundant 
in  many  of  the  valleys,  particular]^  near  Yukon  and  Tanana  rivtfs. 


Fiana  l.— IIq>  ibowlnc  dkBlbatfeD  of  UmbM  In  tht  Cbel*  qiudrugk. 

Blueberries  are  abundant  throughout  a  large  part  of  the  area. 
Currants  and  red  raspberriee  grow  in  the  vicinity  of  both  the  Yukon 
and  the  Tanana.  All  the  hardy  vegetables  are  grown  in  abundance 
in  fine  gardens  in  the  Grcle  district. 
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POFXTLATIOir. 

Most  of  the  residents  live  in  the  northern  part  of  the  quadrangle, 
in  the  Circle  district  and  on  tributaries  of  the  Yukon  above  Circle. 
A  few  prospectors  are  at  work  in  the  eastern,  western,  and  south- 
western portions  of  the  area,  and  a  few  Indians  spend  part  of  the 
year  at  Kechumstuk  and  the  mouth  of  the  Ooodpaster.  The  total 
pennanent  population  does  not  exceed  a  few  hundred. 

In  the  Birch  Creek  district  most  of  the  population  dwells  on  Mam- 
moth, Mastodon,  Miller,  Eagle,  and  Deadwood  creeks,  40  to  60  miles 
from  Circle. 

TBANSPOBTATIOK. 

The  town  of  Circle,  near  the  upper  limit  of  the  Yukon  Flats, 
is  the  general  supply  point  for  the  district  and  is  connected 
with  the  creeks  by  a  Government  wagon  road.  Most  of  the  heavy 
freighting  is  done  in  the  winter  at  a  cost  of  3  to  6  cents  a  pound,  but 
the  construction  of  the  wagon  road  has  made  it  possible  to  obtain 
many  kinds  of  supplies  during  the  hummer  at  only  a  slight  advance 
over  the  winter  rates,  instead  of,  as  formerly,  only  by  pack  trains  at  a 
cost  of  20  to  25  cents  a  pound.  Good  road  houses  are  located  at 
intervals  of  about  12  miles  along  the  wagon  road  from  Circle  to  the 
creeks  and  others  have  been  built  upon  the  creeks.  The  trail  from 
Circle  to  Fairbanks  is.  traveled  more  or  less  every  simmier.  The  in- 
stallation of  a  Government  wireless  station  at  Circle,  connecting  with 
other  stations  at  Eagle,  Fairbanks,  and  Rampart,  has  been  of  great 
advantage  to  the  district. 

The  route  for  transportation  from  Pacific  coast  points  to  Circle  is 
by  way  of  either  Dawson  or  St.  Michael.  The  first-class  passenger 
rate  from  Seattle  to  Circle  by  Dawson  and  the  upper  river  in  1911 
was  $85.  Freight  rates  have  a  great  range,  depending  on  the  freight 
classification;  on  general  merchandise  the  rate  is  about  $60  a  ton. 

OBOIiOOT  OF  THE  TUKON-TANANA  RXSOION. 

The  Yukon-Tanana  region  comprises  many  formations  and  has  been 
affected  by  extensive  metamorphism,  great  igneous  activity,  and 
close  folding  with  two  dominant  trends — southeast-northwest  and 
northeast-southwest. 

One  of  the  most  extensive  groups  of  rocks  is  made  up  of  ciystalline 
schists  which  aro  mostly  of  sedimentaiy  origin  and  aro  regarded  as 
pre-Ordovician.  The  presence  of  Ordovidan,  Silurian,  Devonian, 
Carboniferous,  Cretaceous,  and  Tertiary  rocks  has  been  established. 
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A  few  small  areas  of  glacial  material  show  that  some  glaciation  has 
occurred.  The  alluvial  materials  include  silt,  sand,  and  gravel  de- 
posited either  on  benches  or  in  the  valleys  of  the  present  streams. 

Igneous  rocks  are  abundant.  Basaltic  and  diabasic  material,  in  pait 
volcanic  and  in  part  intrusive,  is  plentiful,  particularly  in  the  Paleo- 
zoic sediments.  Granitic  and  related  rocks  occur  in  many  places  and 
become  increaitingly  abundant  toward  the  east.  They  are  in  part 
metamorphosed  to  granitic  gneisses  but  are  mostly  Xmmetamorphosed, 
and  they  are  all,  so  far  as  observed,  in  intrusive  relation  to  the  rocks 
with  which  they  are  in  contact.  The  period  of  their  maximum  in- 
trusion was  the  Mesozoic.  The  evidence  available  points  to  the 
igneous  rocks  as  the  cause  of  the  widespread  mineralization. 

The  present  surface  is  mainly  the  product  of  fluviatile  action  and 
subaerial  erosion  acting  on  a  surface  that  has  changed  in  elevaticm 
with  reference  to  the  sea  level. 

OEOIiOOT  OF  THE  CIRCLE  QUADRANOIaE. 

aBMBRAL  FBATUBBS. 

The  mapping  of  the  geology  of  the  Circle  quadrangle  by  means  of  a 
few  rapid  traverses  has  necessarily  been  incomplete.  It  has  been 
impossible  to  cover  the  entire  area,  and  those  areas  about  which  no 
information  was  available  have  been  left  blank.  The  formational 
boundaries  indicated  have  not  been  traversed  in  detail  and,  except  at 
a  few  points,  must  be  regarded  as  only  approximate.  It  is  believed, 
however,  that  practically  all  the  different  formations  have  been 
observed  and  that  the  map  indicates  somewhat  accurately  their 
distribution. 

Practically  all  the  formations  in  the  Fairbanks  quadrangle  occur 
in  the  Circle  quadrangle.  Some  of  them  enter  it  from  the  western 
edge  and  extend  across  it  into  the  Fortymile  quadrangle.  The  main 
geologic  feature  in  which  the  Circle  quadrangle  differs  from  the  others 
is  in  containing  large  areas  of  igneous  rocks,  which  occupy  about  one- 
third  of  the  quadrangle  and  which,  by  disturbance  or  by  contact 
metamorphism,  have  obscured  the  preexisting  contacts  between  the 
other  formations.  They  have  intensified  the  metamorphism  already 
present  in  the  schists  and  have  in  places  rendered  schistose  some  of 
the  Paleozoic  sediments. 

The  following  table  shows  the  stratigraphic  succession: 


8EDIMEKTABT  BOCKS. 


Siratignpky  of  the  CtreU  quadrangle. 
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Era. 

System. 

Bertes. 

Description. 

Quaternary. 

Recent. 

Silt,  sand,  and  gravel. 

Cenoioic. 

Pleistocene. 

Uoralnal  deposits  In  small  isolated  areas. 
Up  to  about  400  leet  think. 

Tertiary. 

Booene. 

Conglomerate,  sandstone,  shale,  and 
llgnltic  beds.  Probably  about  3,000 
feet  thick. 

Ifesoioic. 

Cretaceous. 

Upper  Cretaceous  (?). 

0 

Congk>merate  and  arkosic  sandstone, 
occurring  in  disconnected  areas. 
Probably  about  1,000  feet  thick. 

Lower  Cretaceous. 

Slate,  slaty  sandstone,  and  quartxite. 

Carboniferous. 

White  crystalline  Itanestone.  About 
200  feet  thick. 

Devonian. 

Middle  Devonian. 

Limestone  and  greenstone. 

Probably  mostly  De- 
vonian but  in  part 
older. 

# 

Undifferentiated  greenstones.  Dla- 
baslo  and  basaltic  flows,  tuffs,  and 
breccias,  and  serpentine.  Up  t^) 
1,000  feet  thk^k. 

Patooioio. 

Probably     Inoluding 
Ordovicfan.  BBurian, 
and  Devonian. 

Undifferentiated  quaits-fsldspar  sand* 
stone,  in  part  schistose;  quartzite, 
green  and  black  shale;  slate;  purple 
and  green  phyllite;  chert;  chert  con- 
glomerate; and  limestone.  Probably 
several  thousand  feet  thick. 

Fre-Ordovlcian. 

Birch  Creek  aohist;  quartsltio  schist; 
quarts-mica  schist;  gametiferous, 
staurolltic,  homblendic,  and  carbo- 
naceous schist;  and  crystalline  Ihne- 
stone.  Probably  several  thousand 
feet  thick. 

8EDIHENTABY  BOCKS. 


PRE-OBDOVICLAN   ROCKS. 


BntOH  OBXBK  BOHIST. 


Liihologic  character, — One  of  the  most  widespread  formations  in 
the  quadrangle  is  the  Birch  Creek  schist,  which  includes  quartzite 
schist,  quartz-mica  schist,  gametiferous,  and  staurolitic  schist,  car- 
bonaceous schist,  hornblende  schist,  and  crystalline  limestone.  Its 
most  common  type  is  a  rather  blocky  quartzite  schist  in  beds  which 
have  a  maximum  thickness  of  several  feet  and  which  alternate  with 
thin-bedded  micaceous  schist  that  is  locally  gametiferous.  (See 
PI.  VIII,  A,)  Mica,  both  muscovite  and  biotite,  is  the  most  widely 
distributed  metamorphic  mineral  and  by  its  abimdance  distinguishes 
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the  Birch  Creek  schist  from  the  Paleozoic  formations,  in  which  mica 
has  been  developed  but  rarely,  except  in  close  contact  with  igneous 
rocks.  .  Garnets  are  generally  found  throughout  the  area  where  the 
schists  form  the  bedrock,  and  near  some  of  the  granitic  contacts  they 
are  especially  abimdant.  In  some  places,  notably  about  the  heads 
of  Coal  and  Woodchopper  creeks,  the  garnets  are  accompanied  by 
staiuolite,  which  is  abundant  in  crystals  half  an  inch  or  lees  in 
length.  The  crystalline  limestones  interbedded  with  the  schists  are 
also  schistose  in  part,  containing  considerable  mica  and  in  some 
places  much  garnet.  The  distribution  of  metamorphism  is  not 
uniform.  In  some  localities  the  rocks  are  comparatively  ma^ive 
quartzites,  with  but  a  small  amoimt  of  mica  and  but  slight  schis- 
tosity,  and  there  are  all  gradations  between  such  rocks  and  quartz- 
mica  schists  that  show  little  evidence  of  their  origin.  At  many 
localities  in  the  vicinity  of  granitic  intrusives  the  schists  are  feld- 
spathic  and,  close  to  the  contact,  are  essentially  augen  gneisses. 

The  formation  apparently  becomes  increasingly  gneissoid  with 
depth,  and  the  observed  facts  indicate  that  at  the  base  it  is  closely 
welded  to  ancient  granitic  intrusives  that  have  been  metamorphosed 
to  gneisses  by  the  same  process  that  metamorphosed  the  quartzites 
and  interbedded  slates  to  schists.  The  gneisses  are  in  part  more  or 
less  even  and  medium  grained  and  in  part  coarse  augen  gneisses  vnth 
feldspars  2  inches  or  more  in  diameter.  (See  PI.  VUI,  B.)  Most  of 
them  occur  in  bands  from  a  few  inches  to  several  himdred  feet  in 
thickness,  lying  parallel  to  the  structure  of  the  schists. 

The  contact-metamorphic  action  on  the  schists  has  apparently 
increased  the  schistosity,  developed  garnet,  staurolite,  feldspar, 
additional  mica,  especially  biotite,  and  in  some  places  andalusit^. 
The  prevailing  contact  metamorphism  in  the  Paleozoic  rocks,  on  the 
other  hand,  consisted  in  the  production  of  homfels  with  more  or  less 
andalusite  or  cordierite. 

The  original  succession  of  the  schists  is  obscured  by  the  complex 
structure  resulting  from  several  periods  of  folding.  The  succession 
from  bottom  to  top  is  apparently  fine-grained  quartzitic  and  quarto- 
mica  schists;  gametiferous  quartz-mica  and  hornblende  schist  with 
thin  interbedded  quartzitic  beds;  quartz-mica  schist,  very  micaceous; 
and  carbonaceous  schists. 

Limestone  occurs  sparingly  at  different  portions  of  the  section  and 
apparently  becomes  more  abundant  toward  the  top.  It  appears  not 
to  be  persistent,  but  to  occur  in  more  or  less  lenticular  form.  The 
fact  that  it  is  particularly  abimdant  in  the  Fortymile  quadrangle 
caused  Spurr  ^  to  name  it  the  Fortymile  series.  In  the  other  quad* 
rangles,  however,  it  seems  to  be  but  a  subordinate  nonperslstent  phase 
of  the  formation. 

>  Bpurr,  J.  £.,  Geology  of  tho  Yukon  gold  diitrict,  Alalia:  Ei^tMnth  Ann.  Rept.U.  S.  Q«ol.  9amsf, 
pt.  3,  isge,  pp.  146-166. 
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The  upper  limit  of  the  formation  is  not  everywhere  distinctly 
separated  from  the  succeeding  unconformable  Paleozoic  rocks.  In 
most  places,  however,  the  coarser  detrital  material  of  the  lowest 
Paleozoic  and  its  prevailingly  lesser  degree  of  metamorphism  serve 
to  differentiate  it.  In  different  areas,  too,  different  members  of  the 
Paleozoic  rest  upon  the  schist,  and  in  some  localities  there  is  a  distinct, 
lithologic  change  from  the  schists  to  the  overlying  rocks. 

Structure. — The  schists  have  a  very  complex  structure.  They  have 
been  closely  folded,  and  most  of  the  folds  have  been  closely  appressed 
and  overfolded  to  a  nearly  horizontal  position.  The  planes  of 
schistosity  thus  correspond  to  a  certain  extent  with  the  planes  of  the 
axes  of  the  minor  folds  and  the  structure  simulates  the  horizontal. 

Distribution. — ^The  fact  that  most  of  the  occurrences  of  gold  in  the 
Yukon-Tanana  r^on,  including  those  of  the  Fairbanks  and  Circle 
districts,  are  within  areas  of  Birch  Creek  schist  renders  the  distribu- 
tion of  these  rocks  a  matter  of  economic  importance.  The  main 
body  of  schist  that  includes  the  Circle  district  is  continuous  to  the 
sou^west  with  that  of  the  Fairbanks  district,  and  is  flanked  on  both 
the  northwest  and  the  southeast  by  belts  of  Paleozoic  rocks.  It 
extends  eastward,  round  the  heads  of  Woodchopper  and  Coal  creeks, 
flanking  the  large  mass  of  granite  on  Charley  River,  and  terminates 
in  the  Seventymile  region.  Another  belt  extends  northwest  and 
southeast  just  north  of  the  Tanana.  A  part  of  it  forms  apparently 
but  a  narrow  strip  of  schist  flanking  the  large  area  of  granite  that  lies 
southeast  of  the  Circle  quadrangle,  and  another  part  extends  more  or 
less  uninterruptedly  to  the  area  in  the  Fortymile  region  between 
Middle  Fork  of  Fortymile  River  and  Mosquito  Fork. 

Age. — ^The  age  of  the  Birch  Creek  schist  is  not  definitely  known. 
The  oldest  fossils  that  have  been  found  in  the  Paleozoic  rocks  of  the 
Yukon-Tanana  region  are  Ordovician.  These,  however,  occur  at  a 
considerable  distance  above  the  base  of  the  Paleozoic,  and  in  the 
absence  of  more  definite  information  and  in  view  of  the  possibility 
that  some  of  the  schists  may  be  of  Cambrian  age  it  has  seemed  desirable 
to  caQ  them  pre-Ordovician. 

PALEOZOIC   ROCKS. 
COBBXI.ATXOV  WITH  HOOSB  07  TBS  FAZHBAJTSS  QUADRAVOLI. 

Paleozoic  rocks  occur  extensively  in  the  western  portion  of  the 
Yukon-Tanana  region  and  in  the  Yukon  VaUey  between  the  mouth 
of  the  Tanana  and  the  international  boundary.  The  Paleozoic  rocks 
in  the  Circle  quadrangle  are  extensions  of  those  in  the  Fairbanks 
quadrangle.  The  same  lithologic  types  are  present  and  detailed 
work  would  probably  reveal  the  same  formations.  From  reconnais- 
sance work,  however,  the  fact  seems  fairly  well  established  that  except 
in  the  area  along  the  Yukon,  the  Paleozoic  section  in  the  Circle 
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quadrangle  is  thinner  than  that  in  the  Fairbanks  quadrangle  and  that 
the  strata  composing  it  are  less  persistent,  less  individualised,  and 
represent  the  peripheral  rather  than  the  main  portions  of  the  forma- 
tions. For  example,  the  conspicuous  limestones  so  characteristic 
of  the  Fairbanks  quadrangle  are  represented  in  the  Circle  quadrangle 
by  more  or  less  lenticular  beds  not  much  exceeding  100  feet  in  thick- 
ness. The  same  is  true  of  the  greenstones,  which  form  a  considef able 
proportion  of  the  Paleozoic  rocks  and  in  some  localities  attain  topo- 
graphic prominence  but  which,  in  general,  are  less  abundant  and  less 
conspicuous  than  in  the  western  portion  of  the  Yukon-Tanana  region. 
Therefore,  although  the  available  facts  indicate  the  atratigraphie 
equivalence  of  the  Paleozoic  of  the  Circle  quadrangle  with  that  of 
areas  farther  west,  they  further  indicate  that  it  is  less  diff^-entiated 
into  formations. 

UTHOLOOXO  OHAEAOrma. 

The  principal  Paleozoic  rocks  of  the  Circle  quadrangle  are  coarse 
quartz-feldspar  sandstones,  metamorphosed  and  more  or  less  schist- 
ose, quartzite,  shale,  slate,  phyllite,  chert,  chert  conglomerate, 
greenstone,  and  limestone.  The  dominant  lithologic  types  have  been 
derived  from  sandy  and  argillaceous  sediments. 

The  quartz-feldspar  sandstone  is  like  that  which  forms  so  large  a 
part  of  the  Tatalina  group  in  the  Fairbanks  quadrangle  and  is  regarded 
as  being  of  the  same  age.  The  most  common  type  is  composed  of 
about  equal  proportions  of  rather  coarse  quartz  and  feldspar  grains 
in  a  finely  granular  matrix  of  the  same  materials  admixed  with  con- 
siderable argillaceous  matter.  In  the  coarsest  varieties  the  grains 
are  half  an  inch  or  more  in  diameter.  The  rocks  are  in  general 
considerably  metamorphosed.  The  quartz  and  feldspar  grains  are 
reduced  more  or  less  to  augen,  and  considerable  sericite  mica  has 
been  developed.  These  rocks  are  interbedded  in  some  places  with 
fine-grained  quartzitic  beds,  purple,  drab,  or  green  shaly  slates,  and 
limestones.  In  some  areas  the  fine-grained  beds  have  become  typical 
phyllites.  Where  these  rocks  have  become  schistose  some  of  them 
resemble  the  Birch  Creek  schist,  but  in  general  they  may  be  distin- 
guished from  the  Birch  Creek  by  their  composition. 

The  most  common  colors  of  the  shale  are  gray,  green,  and  black. 
Black  carbonaceous  shales  are  abundant  and  in  some  areas  are  inter- 
bedded with  cherts.  Oreen  shales  also  are  widely  distributed  and 
occur  in  very  many  places  in  close  association  with  the  greenstones. 

The  greenstones  are  mostly  altered  diabasic  and  basaltic  flows  and 
tuffs,  but  they  include  also  some  reddish-weathering  serpentine 
derived  from  more  basic  rocks.  •  The  serpentine  is  described  in  more 
detail  in  connection  with  the  igneous  rocks  (p.  42).  The  greenstones 
are  characteristic  of  the  Paleozoic  section  in  the  Yukon-Tanana 
region,  and  wherever  they  appear  they  accentuate  the  relief,  fonuing 
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steep,  pointed,  jagged  ridges,  or  being  cut  by  streams  into  steep- 
walled  narrow  canyons.  Their  distribution,  so  far  as  known,  is 
shown  on  the  map  (PI.  II),  but  the  fact  must  be  emphasized  that 
only  some  of  them  are  shown  and  that  they  may  be  found  in  any  of 
the  Paleozoic  areas. 

Owing  to  the  fact  that  the  Paleozoic  limestones  occur  chiefly  as 
interbedded  members  of  little  thickness,  it  has  not  been  practicable 
to  show  them  on  the  map.  They  are  prevailingly  gray  or  bluish, 
are  more  or  less  massive,  and  have  been  so  closely  folded  that  in 
most  places  their  primary  structures  have  been  practically  obliter- 
ated. At  one  locality  on  the  Yukon  west  of  Coal  Creek  a  white  lime- 
stone of  Carboniferous  age  outcrops. 

The  close  folding  (PL  IX)  has  rendered  the  succession  difficult  to 
interpret.  The  lower  part  of  the  section  seems  to  be  composed 
mainly  of  coarse  and  fine  sediments,  largely  feldspathic,  succeeded 
by  shales,  chert,  and  chert  conglomerates.  The  top  seems  to  be 
mainly  greenstone  and  limestone,  the  limestone  being  thicker  and 
more  massive  than  that  in  the  lower  portion.  At  some  localities 
greenstones  were  observed  to  underlie  the  limestone  and  at  others  to 
overlie  it. 

▲OS. 

Apart  from  the  Devonian  localities  and  the  locality  of  Carbon- 
iferous limestone,  the  relation  of  which  to  the  rocks  above  described 
is  not  known,  the  only  locality  where  paleontologic  evidence  of  the 
age  of  the  Paleozoic  rocks  has  been  obtained  is  near  the  eastern  edge 
of  the  quadrangle,  west  of  North  Fork  of  the  Fortymile,  where  a  few 
poorly  preserved  fossil  corals  were  found.  These  fossik,  however, 
are  too  indefinite  to  be  of  value  in  correlation.' 

In  the  lack  of  definite  evidence  in  the  rest  of  the  quadrangle  it  seems 
very  probable,  on  lithologic  grounds  alone,  that  the  same  periods  are 
represented  as  in  the  western  part  of  the  Yukon-Tanana  region  and 
that  the  Ordovician,  Silurian,  and  Devonian  and  possibly  other  areas 
of  Carboniferous  are  all  present. 

SBVOVIAV  STBTBIL 

The  Paleozoic  rocks  along  the  Yukon  within  the  Circle  quadrangle 
have  been  studied  by  Brooks  and  Kindle/  who  found  them  to  be 
mainly  Devonian.  The  following  fossils  obtained  by  them  were 
referred  by  Kindle  to  the  Middle  Devonian: 

Fossils  were  found  at  a  number  of  localities  in  the  limestones.  At  some  exposures 
opposite  the  mouth  of  Woodehopper  Greek  and  about  1  mile  farther  up  the  Yukon 
the  iaima  following  occurs  in  limestones  interbedded  with  tufb. 

1  Brooks,  A.  H.,  and  Kindle,  E.  M.,  Bull.  Oeol.  Soc.  America,  vol.  19, 1906,  pp.  277-291. 
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Oyathophyllum  sp. 
Clinoid  stems. 

Stiopheodonta  cf .  calvini  Miller. 
Gamarotcechia,  small  sp. 
Atrypa  reticularis  Linn. 
Atrypa  cf .  flabeliata  Goldf . 
Schisopkoria  striatula  (Schlotheim). 
Ambocoelia  cf.  umbonata  (Conrad). 


Anoplotheca?  concaYa  (Hiall). 
Dalmanella  sp. 
Spizifer  sp. 
Rensselaeria?  sp. 
Cypricardinia  sp. 
Conocardium  sp. 

Actinopteria  near  pentiialiB  Hall. 
Pleuiotomaiia  sp. 
Sigaretus?  n.  sp. 


This  is  the  same  fauna  and  horizon  as  that  occurring  at  the  mouth  of  SalmontrDut 
River  on  the  Porcupine.  Atrypa  cf .  flabeUata  is  one  of  the  most  abundant  species  in 
both  faunas.  The  very  peculiar  gastropod  here  referred  doubtfully  to  Sigaretus  and 
StropheodorUa  cf .  calvini  are  also  common  to  both. 

About  2  miles  below  Woodchopper  Creek  the  igneous  beds,  ^diich  are  there  the  pre- 
dominant rocks,  are  interrupted  by  a  cliff  of  bluii^-gray  Devonian  limestone  rising  200 
feet  above  the  river.  Fossils  are  very  scarce  here.  The  following  species  were  ob- 
tained: 


Stropheodonta  sp. 
Conocardium  sp. 


Crinoid  stems. 
Atrypa  reticularis. 
Gamarotcechia  sp. 

The  section  in  this  area  has  been  summarized  by  Brooks  and  Kindle 
as  foUovrs: 

li  one  were  to  venture  on  a  sobdiviflLon  of  this  great  series  on  the  ftusta  in  hand,  it 
would  be  to  recognize  three  general  groups.  The  lowest  group  would  comprise  the 
heavy  cherty  bluiah-white  limestones  and  associated  argilUtes,  quartzites,  and  thin- 
bedded  limestones  occurring  below  Woodchopper  Creek,  which  may  be  Silurian  and 
are  characterized  by  a  relatively  small  amount  of  igneous  material.  The  cherts, 
quartzites,  and  limestones  of  the  Washington  Creek  area  are  provisionally  included 
with  the  formation.  The  lowest  member  of  the  Devonian  or  upper  Silurian  described 
by  Prindle  in  the  Rampart  region,  and  probably  also  the  rocks  of  the  Stewart  River, 
assigned  to  the  Devonian  by  Keele,  can  be  provisionally  correlated  with  this  general 
horizon. 

A  second  group  would  include  limestones  and  the  associated  igneous  rocks,  aig:i]]ite9, 
and  cherts.  The  igneous  rocks  of  this  group  would  appear  to  be  identical  with  Spuir'e 
Rampart  series;  but  it  must  be  remembered  that  it  is  only  for  the  limestone  member 
of  this  group  that  the  age  has  been  determined  and  that  the  igneous  rocks  may  be 
somewhat  younger.  In  its  typical  occurrence  this  igneous  group  is  undoubtedly  the 
best  defined  of  the  stratigraphic  subdivisions  here  proposed  for  the  Devonian.  As  t 
cartographic  unit,  however,  it  is  not  serviceable,  because  including,  as  it  does,  some 
intnudves,  these  are  likely  to  be  found  as  dikes  crosscutting  various  older  foimationfl. 
Moreover,  the  equivalent  of  this  igneous  complex  in  adjacent  areas  may  be  found 
among  the  purely  sedimentary  rocks.  The  stratigraphic  relations  of  Middle  Devonko 
horizon  to  the  older  rocks  here  assigned  to  the  Devonian  is  not  known,  but  may  very 
likely  be  one  of  unconformity. 

The  third  group  includes  the.argillites  and  subordinate  sandstones  and  siliceoos 
slates,  which  occur  immediately  underneath  and  conformable  to  Mississippian  terranes. 
These  rocks  are  but  sparingly  f ossilif erous,  and  may  be  found  to  be  in  part  of  synchro- 
nous age  with  the  igneous  complex  of  the  second  group.  If  the  argiUite  group  is  dis- 
tinct from  the  igneous  group,  there  may  be  an  unconformity  between  the  two,  and  the 
apparent  absence  of  the  latter  in  many  localities  may  be  due  to  erosion,  wbich  removed 
the  igneous  rocks  before  the  sediments  were  laid  down. 

Little  can  be  said  of  the  thickness  of  the  Devonian  in  this  Province.  The  heavy 
limestones  and  associated  rocks  of  the  lowest  group  may  measure  several  thousand  feet. 
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It  i0  probably  safe  to  estimate  that  the  expoeures  along  the  upper  Yukon  of  Middle 
Deroiuan  limeetonee  and  anodated  greenstones  indicate  a  thiclineBB  of  from  5,000  to 
8|000  feet,  much  the  laiger  part  of  which  is  made  up  of  igneous  rocks.  The  upper 
axgillites  and  associated  sandstones  are  roughly  estimated  to  have  a  thickness  of  about 
1,000  feet. 

OAXBOMTFEROm  BTBTSM . 

The  Carboniferous  limestone  on  the  Yukon  near  Coal  Creek  has 
been  described  by  Brooks  and  Kindle  ^  as  follows: 

The  upper  Garboxdferous  timestone  is  typically  exposed  in  some  large  open  folds, 
accompanied  by  more  or  less  hiulting,  along  the  north  side  of  the  Yukon  for  some  3  or  4 
miles  above  Nation  River.  The  same  horizon  was  identified  about  30  miles  below,  on 
the  south  side  of  the  river  and  just  west  of  the  mouth  of  Coal  Greek.  Here  itis  exposed 
in  a  small  area  closely  associated  with  some  pyroclastic  material  similar  in  every  way 
to  that  occurring  with  the  Devonian  rock.  Were  not  the  paleontologic  evidence  in 
regard  to  this  occurrence  conclusive,  this  limestone  would  have  been  placed  with  the 
Devonian.  The  occurrence,  however,  goes  to  prove  that  there  was  some  igneous 
activity  during  late  Carboniferous  time.  It  also  suggests  the  possibility  that  some  of 
the  igneous  rocks  which  have  been  mapped  as  Devonian  may  eventually  prove  to 
belong  to  the  Carboniferous. 

The  fauna  characterizing  this  highest  Carboniferous  limestone  is  shown  in  the  follow* 
ing  list  of  fossils  determined  by  Dr.  Girty: 

Lot  14:  FoasiUfrom  west  hank  of  YiiJbon,  H  miles  above  Nation  River. 


Zaphrentis  sp. 

Stenopora  sp. 

Streptorhynchus    aff.    S.    pelargonatus 

Schlot. 
Chonetee  aff.  morahensis  Waagen. 
Productus  aff.  horridus  Sowerby. 
Productus  aff.  aagardi  Toula. 
Productus  aff.  P.  porrectus  Kut.? 
Productus  aff.  mammatus  Keys. 
Productus  aff.  irginse  Kut. 
Productus  aff.  koninckianus  Yem. 


Aulosteges  sp. 

Maiginifera  aff.  splendens  Norwood  and 

Pratten. 
Spirifer  aff.  marcoui  Waagen. 
Squamularia  aff.  perplexa  McChesney. 
Spiriferella  arctica  Houghton. 
Cleiothyrodina  n.  sp. 
Rhynchopora  aff.  nikitini  Tschem. 
SchizoduB  sp. 
Aviculipecten  sp. 
Omphalotrochus  sp. 


Productus  sp. 

Lot  15:  Fossils  from  limestone  1\  miles  southeast  of  mouth  of  Nation  River. 


Streptorhynchus    aff.    S.    pelargonatus 

Schlotheim. 
Productus  aff.  aagardi  Toula. 
Productus  aff.  koninckianus  Yem. 

Lot  tt:  Fossils  from  south  hank 

Polypora  sp. 

Rhombopora  sp. 

Streptorhynchus  aff.  pelargonatus  Schlot- 

heim. 
Productus  aff.  transversalis  Tschemy. 
Productus  aff.  aagardi  Toula. 
Productus  aff.  koninckianus  Yem. 
Productus  aff.  porrectus  Kut.? 
Marginifera?  aff.  splendens  Norwood  and 

Pratten. 


Aulost^es  sp. 

Maiginifera  ?  aff.  splendens  Norwood  and 

Pratten. 
Spiriferella  arctica  Houghton. 

of  the  Yukon  helow  Glenn  Creek. 

Spirifer  aff.   cameratus  Tschemy.   non 

Morton. 
Spiriferella  aff.  artiensb  Stuckenberg. 
Spiriferella  arctica  Houghton. 
Squamularia  aff.  perplexa  McChesney. 
Camarophoria  maigaritovi  Tschem. 
Aviculipecten  2  sp. 
Fish  tooth. 


1  Brooks,  A.  H.,  and  Kindle,  E.  M .,  op.  dt.,  pp.  28S-a97. 
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''Thifi  ftkuna  is  unlike  anything  known  in  central  and  eastern  North  America,  and 
appears  to  be  rather  cloaely  allied  to  that  of  the  Gechelatafe  of  the  Ural  MonntaiiiB. 
Probably  the  fauna  of  the  Hueco,  Weber,  and  Aubrey  formationfl  of  western  United 
States  will  be  found  more  or  len  closely  related.  In  Alaska  it  has  been  collected 
also  in  Pybus  Bay  and  on  Kuiu  Island.'' 

Lots  14  and  15  represent  the  limestone  in  its  typical  development,  while  the  lime- 
stone which  furnished  lot  22  is  associated  with  beds  of  igneous  origin.  The  limestone, 
which  is  of  upper  Carboniferous  age,  terminates  the  Paleozoic  section  in  the  upper 
Yukon  region.  The  succeeding  strata  in  the  section  were  not  observed  in  direct 
superposition,  but  a  series  of  argillites,  with  one  or  more  limestone  beds,  is  believed 
to  hold  this  position.  A  collection  of  fossils  was  made  in  this  series  half  a  mile  above 
the  mouth  of  Nation  River,  from  a  limestone  about  15  feet  in  thickness.  A  spedes 
of  Halobia  is  the  most  abundant  fossil  in  this  collection.  Dr.  T.  W.  Stanton  refen 
the  fauna  provisionally  to  the  Triaaedc.  If  this  provisional  determination  is  correct, 
the  upper  Carboniferous  limestone  of  the  Yukon  section  is  limited  above  by  rocks  d 
Triassicage. 

The  Carboniferous  rocks  above  described  show  practically  no  metamorphiem,  and 
are  in  strong  contrast  in  this  respect  to  all  the  older  rocks  of  the  Yukon  except  the 
uppermost  member  of  the  Devonian.  It  is  also  noteworthy  that,  with  the  single 
exception  of  the  pyroclastics  found  with  the  upper  Carboniferous  limestone  at  Glenn 
Creek,  there  is  no  evidence  of  igneous  activity  during  the  deposition  of  the  Carbon- 
iferous sediments  of  the  upper  Yukon. 

Near  the  mouth  of  Michigan  Creek,  on  the  sonth  side  of  the  Yukon, 
nearly  opposite  the  mouth  of  Nation  River  and  east  of  the  Circle 
quadrangle,  Mr.  Mertie  obtained  in  1911  additional  paleontologic 
material,  on  which  Mr.  Girty  made  the  following  report: 

The  species  which  these  collections  contain  are  as  follows: 

A{JB3£)40.     Michigan  Cruk,  about  6  miles  from  mouth  (south  of  Yukon). 


Stenopora?  sp. 
Streptorhynchus?  sp. 
Chonetes  aff .  morahensis  Waagen. 
Productus  aff.  horridus  Sowerby. 
Productus  aff.  aagardi  Toula. 


Productus  aff.  waUacianus  Derby. 
Dielasma  n.  sp.  afif.  elongatum  Schlot- 

heim. 
Rhynchopora  aff  .nikitini  Tschemyschew. 
Squamularia  aff.  perplexa  McChesney. 


A(JBM)41.     Michigan  Creeks  about  3  mxksfrom  mouth. 


Derbya?  sp. 

Productus  aff.  horridus  Sowerby. 
Productus  aff.  mammatus  Keyserling. 
Productus  aff.  aagardi  Toula. 


Productus  aff.  wallacianus  Derby. 
Rhynchopora  aff  .nikitini  Tschemyachev. 
Spirifer  aff.  marcoui  Waagen. 
Spiriferella  artica  Hougjiton. 


The  fauna  of  the  two  lots  is  essentially  the  same  and  clearly  corresponds  to  that 
obtained  by  Brooks  and  Kindle  on  the  Yukon  near  the  mouth  of  Nation  River.  [See 
p.  29.]  From  its  resemblance  to  the  fauna  of  the  Russian  Ghchelstufe,  as  described 
by  Tschemyschew,  I  take  the  geologic  age  to  be  "upper"  Carboniferous  rather  than 
Permian.  The  fades  is,  of  course,  widely  different  from  either  the  Pennsylvanian 
or  the  Permian  of  the  Mississippi  Valley  and  Appalachian  r^ons. 
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ME8OZOI0  BOGKd. 
LOWSB  OmSTAOSOVB  BBBXIS. 

The  only  rocks  of  known  Mesozoic  age  in  the  Circle  quadrangle  are 
the  Lower  Cretaceous  rocks  on  the  south  side  of  the  Yukon.  These 
rocks  were  studied  in  1906  by  Brooks  and  Kindle/  from  whose  report 
the  following  statement  is  quoted : 

The  Lower  Cretaceous  of  the  upper  Yukon  comprises  a  series  of  closely  folded  rocks 
characterized  by  a  large  amount  of  silica.  They  included  primarily  siliceous  slates, 
slaty  sandstones,  and  quartzitee,  with  which  are  associated  some  argillites  and  pyro- 
elastics.  One  heavy  bed  (5(V-75  feet  diick)  of  massive  tufiiceous  conglomerate  was 
observed  within  the  Mesozoic  area  about  5  miles  below  Washington  Creek,  but  may 
be  an  infolded  older  or  younger  terrane.  The  pebbles  of  this  conglomerate,  which 
are  chiefly  limestone,  are  well  rounded,  and  some  are  2  feet  in  diameter.  The  domi- 
nating rock  type  of  the  Lower  Cretaceous  is  a  siliceous  slate  or  qtiartzite,  sometimes 
interbedded  with  a  clay  slate.  These  rocks  are  usually  pyritiferous  and  iion-stained 
when  weathered .  Three  miles  below  Washington  Creek  there  is  a  series  of  beautifully 
banded  slates  and  quartzites.  Here  the  brittle  quartzite  is  broken  by  a  series  of 
fractures  at  right  angles  to  bedding,  while  the  same  movement  has  in  laige  measure 
been  taken  up  in  the  cleavage  of  the  slate.  A  quartz  filling,  sometimes  carrying 
pyrite,  is  not  uncommon  along  these  fractures.  In  at  least  one  instance  it  appears  to 
be  established  that  quartz  veins  cutting  these  Cretaceous  rocks  are  auriferous.  This 
conclusion  is  not  without  importance  in  its  bearing  on  the  age  of  the  mineralization 
which  produced  the  auriferous  deposits  of  the  Yukon. 

These  rocks  in  a  general  way  strike  easterly  and  northeasterly,  but  there  are  many 
local  variationB.  They  are  usually  closely  folded,  and  no  determination  of  thickness, 
which  probably  does  not  exceed  a  few  thousand  feet,  could  be  made.  On  Washington 
Creek  they  appear  to  rest  unconformably  on  the  Devonian  and  in  turn  aro  unconform- 
ably  overlaid  by  the  Tertiary  beds.  Near  Coal  Creek  the  Aucella-bearing  beds  seem 
to  underlie  the  upper  Carboniferous  limestone,  which  has  apparently  been  thrust 
over  them. 

Fossils  were  collected  from  three  localities  in  this  formation,  which  were  reported 
upon  by  Dr.  T.  W.  Stanton  as  follows: 

"  Lot  18.  South  bank  of  Yukon  River,  400  yards  below  Glenn  Creek.  This  lot  includes 
many  fragmentary  specimens  and  impressions  of  an  Inoceramus,  with  a  few  imperfect 
specimens  of  Fecten,  Pinna,  two  small  specimens  doubtfully  referred  to  Aucella, 
and  a  few  other  small  undetermined  bivalve  shells,  together  with  very  imperfect 
fragments  of  an  ammonite  possibly  belonging  to  the  genus  Perisphinectesi,  or  some 
other  genus  with  a  similar  sculpture.  The  horizon  of  this  lot  is  evidently  either 
Jurassic  or  Lower  Cretaceous,  but  the  nature  of  the  material  does  not  permit  a  dis- 
crimination between  these  two  periods.  I  judge  that  these  fossils  came  from  the 
same  series  as  the  Aucella  mentioned  below. 

"Lot  19.  North  bank  of  Yukon  River,  6  miles  above  Charlie  village.  This  col- 
lection contains  numerous  specimens  of  AuoeUa  cf.  crasncolliB  Keyserling.  This  is 
provisionally  referred  to  the  Lower  Cretaceous,  although  the  possibility  that  it  may 
be  Jurassic  should  not  be  foigotten. 

"Lot  21.  South  bank  of  the  Yukon  River,  1}  miles  below  Sams  Creek.  This  small 
lot  contains  two  imperfect  specimens  of  Aucella  and  a  few  small  fragmentary  imprints 
of  Inoceramus.    The  horizon  is  probably  the  same  as  that  of  lot  19. 

1  Brooke,  A.  H.,  and  EJndle,  E.  IC.,  op.  olt.,  pp.  a0&-a07. 
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''The  reference  of  these  three  lots  of  fosBilB  proviaonally  to  the  Lower  CretaceouB 
18  made  with  the  same  reaervatLon  that  has  so  often  been  expressed  when  omihr 
collections  containing  Aucella  and  only  a  lew  associated  fonns  have  been  sabmitted 
from  this  and  other  areas  in  Alaska — ^that  is,  while  the  Aucella  itself  is  indicatiTe 
of  probable  Cretaceous  age,  closely  related  species  are  known  in  the  JunaaCy  and  it 
may  be  that  all  of  the  Aucella  beds  of  Alaska  aie  Jurassic." 

VTtKB,  OmSTAOXOXTB  (t)  BSBZXB. 

A  few  areas  of  conglomerate  and  arkosic  sandstones  were  found  in 
1911  near  the  main  divide  between  the  drainage  areas  of  Charley 
River,  Ooodpaster  River,  and  Salcha  River.  The  areas,  so  far  as 
observed,  are  comparatively  small  and  occur  in  different  rallejs  at 
elevations  between  3,000  and  4,000  feet  above  sea  level. 

The  material  varies  greatly  in  coarseness.  The  coarsest  varieties 
contain  a  large  proportion  of  granitic  bowlders,  some  of  them  nearij 
6  feet  in  diameter,  locally  embedded  in  fine  sandy  beds.  The  next 
c<»nmonest  type  is  made  up  of  beds  of  cobbles  not  exceeding  6  inches 
in  diameter  alternating  with  shaly  beds  that  in  places  cany  poorlj 
preserved  plant  remains.  A  common  type  is  a  medium^rained 
even-bedded  arkosic  sandstone  that  splits  readily  along  the  planes 
of  sedimentation  into  slabs,  many  of  whose  surfaces  are  more  or  leas 
colored  with  carbonaceous  matter  derived  from  plants.  These  rodcs 
are  composed  of  about  equal  quantities  of  quartz  and  feldspar  grains, 
with  some  mica.  They  are  gray  in  color,  well  consolidated,  and 
gritty.  The  material  has  apparently  traveled  but  a  short  distance 
from  the  granitic  rocks  from  which  it  has  been  derived  and  it  is 
apparently  coarsest  where  closest  to  its  source.  The  rocks  where 
observed  are  but  slightly  tilted  and  their  thickness  probably  does  not 
exceed  1,000  feet. 

No  similar  rocks  have  been  observed  in  other  areas  of  the  Yukon- 
Tanana  region.  Conglomerates  and  gritty  carbonaceous  sandstones, 
found  by  the  writer  in  the  Rampart  region,^  contain  Upper  Cretaceous 
fossils  and  have  at  their  base  a  conglomerate  that  in  degree  of  coarse- 
ness resembles  the  medium  coarse  type  of  those  under  discussion. 

The  Upper  Cretaceous  rocks  of  the  Rampart  region  have  been 
intruded  by  granitic  bodies,  and  the  fact  that  the  similar  rocks  of  the 
Charley  River  country  are  composed  largely  of  granitic  material 
shows  that  they  were  deposited  subsequent  to  some  granitic  intru- 
sions, and  in  the  lack  of  definite  evidence  they  are  referred  provision* 
ally  to  the  Upper  Cretaceous. 

1  Piindle,  L.  M.,  The  Fairbanks  and  Rampart  quadrangtoi,  YukaD-Tanana  ngkm,  Alaska:  BuILT-S. 
Oeol.  Survey  No.  337, 1906,  pp.  23-24. 
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CENOZOIO  ROOKS. 
TXSTZART  STBTSX. 

Distrihuiion. — ^Rocks  of  Tertiary  age  occupy  an  area  of  considerable 
extent  in  the  vicinity  of  Yukon  River.  They  enter  the  area  from 
the  Fortymile  quadrangle  and  extend  in  a  probably  continuous  belt, 
with  a  TnaTriinuTTi  width  of  about  10  miles,  to  Woodchopper  Creek 
and  beyond  toward  Circle.  It  is  probable  that  Tertiary  rocks  occur 
also  in  the  upper  Charley  River  valley,  as  lignite  has  been  reported 
from  that  locality,  but  if  they  do  they  probably  form  an  isolated 
occurrence  in  the  large  mass  of  granitic  intrusive  rock. 

LUhdoffic  character, — ^The  Tertiary  rocks  include  clay,  sandstone, 
shale,  lignite,  and  conglomerate  of  very  different  degrees  of  consoli- 
dation, some  of  the  sandstone  and  conglomerate  being  but  loosely 
cemented,  some  of  the  clays  having  become  shales,  and  some  of  the 
conglomerates  having  been  thoroughly  cemented.  Clay  and  sand- 
stone and  interbedded  lignite  apparently  constitute  the  basal  for- 
mation. 

The  most  conspicuous  portion  of  the  Tertiary  is  the  conglomerate 
which  forms  the  upper  part  of  the  section.  This  rock  makes  rugged 
topography.  Most  of  the  valleys  cut  into  it  by  the  main  streams 
are  narrow  canyons  with  somewhat  wider  upper  portions  bordered 
by  spurs  that  are  in  general  precipitous  or  comparatively  steep 
sided. 

The  conglomerate  is  composed  mostly  of  fragments  of  black,  gray, 
green,  and  red  chert,  quartzite,  and  vein  quartz  but  includes  numerous 
fragments  of  Birch  Creek  schist  and  a  few  pebbles  of  granite,  found 
mostly  near  the  southern  edge  of  the  formation.  The  pebbles  of  the 
conglomerate  are  well  worn  and  conmionly  range  from  about  1  to  3 
inches  in  size,  though  the  maximum  is  about  5  inches.  Bowlders  2 
feet  or  more  in  diameter  occur  spanngly.  The  conglomerate  merges 
into  a  coarse  whitish  sandstone  resembling  mortar.  Ferruginous 
material  is  a  conmion  cement  not  only  of  the  conglomerate  but  also 
of  the  brownish  Tertiary  sandstones.  On  the  ridges  the  conglomerate 
y&  for  the  most  part  weathered  to  heaps  of  gravel  resembling  ordinary 
stream  gravels. 

The  thickness  of  the  Tertiary  is  perhaps  3,000  feet,  about  equally 
divided  between  the  argillaceous,  sandy,  and  Ugnitic  lower  portion 
and  the  conglomeratic  upper  portion.  The  rocks  have  been  in  places 
closely  folded,  and  at  many  localities  along  Seventymile  River  are 
nearly  vertical. 

Deposition. — ^The  origin  of  the  Tertiary  deposits  has  been  a  subject 
of  much  discussion  among  the  miners.  The  conglomerates  are 
regarded  by  them  ordinarily  as  old  channel  gravels  of  river  origin. 
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The  imderlying  fine  materials — clays,  sandstones,  and  lignites — 
contain  the  same  fossils  as  the  conglomerates.  The  lower  deposits 
are  the  product  of  conditions  imder  which  predominantly  fine  material 
was  deposited.  The  conglomerates,  on  the  other  hand,  are  the 
product  of  conditions  under  which  predominantly  coarse  but  well- 
wom  material  was  deposited.  It  would  appear  that  the  finer 
material  was  deposited  in  a  lowland  area  where  the  streams  were 
sluggish,  where  lakes  could  form,  and  where  in  swampy  areas  material 
for  lignite  beds  could  accumulate.  The  conglomerate,  on  the  other 
hand,  was  probably  deposited  where  more  active  erosion  was  in 
progress  and  is  probably  in  larger  part  the  product  of  fluviatile 
action.  It  must  be  borne  in  mind,  however,  that  the  Tertiary 
deposits  could  not  have  been  laid  down  by  any  river  system  that 
was  not  much  older  than  the  present  valleys;  that  they  are  in  no  wise 
related  to  the  White  Channel  gravel  of  the  Klondike  or  to  any  other 
high  gravels  that  are  referable  to  the  present  drainage  systems;  that 
since  their  deposition  they  have  undergone  not  only  consolidation 
but  folding,  until  many  of  theft  beds  are  vertical;  and  that  their 
history,  therefore,  is  entirely  discontinuous  with  that  of  the  present 
drainage  systems. 

Age, — ^By  means  of  the  fossil  plants,  which  are  in  places  very 
conmion,  the  age  of  the  rocks  has  been  determined  to  be  Eocene 
(Kenai).  A  few  miles  east  of  the  quadrangle,  in  the  Seventynule 
Valley,  fossil  leaves  occur  in  ferruginous  nodules  in  the  lower  shales, 
in  sandstones  interbedded  with  the  shales,  and  in  shales  Interbedded 
with  the  conglomerates.* 

Glaciation  and  glacial  deposits. — Evidence  was  obtained  during  1911 
that  glaciation  formerly  occurred  to  a  minor  extent  in  some  of  the 
highest  portions  of  the  quadrangle  and  that  the  normal  drain^e 
had  been  somewhat  modified  thereby.  Only  the  heads  of  valleys 
and  the  valleys  of  minor  tributaries  were  affected.  Cirques,  U-«haped 
valleys,  and  morainal  deposits  were  observed.  Some  of  the  cirques 
are  firmly  developed  (PL  X,  A)  and  form  hanging  valleys,  the  pres- 
ent drainage  having  cut  only  narrow  V-shaped  gashes  in  their  mouths. 
Some  of  the  U-shaped  valleys  (PL  X,  B)  are  also  clearly  shown. 
They  are  flat  floored  and  are  practically  bare  of  deposits  except  at 
their  very  heads.  The  morainal  material  begins  near  their  opening 
on  the  laj^er  valleys  and  extends  into  these  valleys  more  or  less 
irregularly.     (See  PL  XI,  A  and  B.) 

The  distribution  of  the  glacial  deposits  as  far  as  known  is  shown 
on  the  map  (PL  II),  but  more  detailed  investigations  would  undoubt- 
edly reveal  their  presence  in  many  other  localities.  Their  occurrence 
is  governed  largely  by  the  intrusive  rocks  and  their  immediate  con- 

1  Prindle,  L.  IL,  The  FortymilB  qnadrmngte;  Bull.  U.  B.  Ctaol.  Surrey  No.  S75, 1900,  p.  38. 
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tacts,  because  these  are  the  only  areas  that  attained  sufficient  altitude 
to  furnish  conditions  favorable  for  the  development  of  glaciers. 
They  are  most  conmion  on  the  headwaters  of  Charley  River. 

Chie  of  the  most  conspicuous  glacial  deposits  in  the  quadrangle  is 
a  moraine  about  1^  miles  long  and  half  a  mile  wide  occurring  in  a 
small  valley  trending  N.  15®  W.  from  a  peak  6,284  feet  high.  (See 
PI.  Xn.)  The  valley  is  Unshaped  and  has  a  floor  about  500  feet 
wide.  The  morainal  material  begins  near  the  mouth,  where  it  has  a 
thickness  of  about  400  feet.  At  the  lower  end  of  the  moraine,  1^ 
miles  distant  in  the  main  valley  of  Charley  River,  the  thickness  is 
about  100  feet.  The  material  is  arranged  in  three  more  or  less  con- 
centric ridges,  the  outermost  being  the  largest.  The  innermost  ridge 
is  confined  to  the  immediate  vicinity  of  the  mouth  of  the  valley. 

These  deposits  constitute  an  unconformable  feature  among  the 
normal  alluvial  deposits.  Nothing  very  definite  is  known  regarding 
their  age.  They  have  been  somewhat  reworked  by  the  present 
streams  but  are  younger  than  the  ipain  valleys.  It  is  probable  that 
they  were  more  or  less  contemporaneous  with  the  benches  of  inter- 
mediate height  (p.  15).  The  conditions  favoring  their  development 
may  have  prevailed  from  late  Pleistocene  to  comparatively  recent 
time  in  only  a  small  area  where  the  altitude  was  favorable,  but  later 
these  conditions  shifted  northward  and  at  present  prevail  in  the 
mountains  north  of  the  Yukon,  as  shown  by  small  existing  glaciers. 

AUuvial  deposits, — ^The  alluvial  deposits  include  gravel,  sand,  and 
silt  that  have  been  deposited  either  on  benches  at  various  levels  or 
on  the  flood  plains  of  the  present  streams.  The  high  bench  gravels 
so  conunon  in  the  Fortymile  and  Rampart  quadrangles,  where  they 
occur  at  various  levels  not  exceeding  500  feet  above  the  present 
streams,  have  been  observed  at  but  a  few  localities  in  the  Circle 
quadrangle.  High  benches  are  well  developed  in  places,  notably  in 
the  valley  of  the  Seventymile  (PI.  V,  B,  p.  14),  where  a  bench  500 
feet  above  the  stream  seems  so  closely  related  to  the  present  valley  of 
the  Seventymile  that  it  is  probably  a  part  of  the  old  valley  in  which 
the  river  has  cut  its  present  canyon-like  valley.  No  gravels,  how- 
ever, were  observed  on  this  bench,  though  they  occur  on  the  lower 
rock-cut  benches,  especially  on  a  sharply  defined  bench  about  20  feet 
above  the  present  stream. 

The  gravels  have  been  derived  from  the  bedrock  of  the  valleys  in 
which  they  occur,  and  with  the  exception  of  the  small  abrogations 
of  morainal  material  above  described  are  of  fluviatile  origin.  They 
are  described  in  more  detail  in  connection  with  the  gold  placers. 

The  silts  are  characteristic  deposits  along  Yukon  and  Tanana  rivers 

and  Meiir  in  places  in  the  lower  valleys  of  their  tributaries.    They 

have  Imil  4M9iOittQd  at  various  levels  at  and  above  that  of  the  present 
strewSe^'^^cTT^ 
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By  J.  B.  Mebtib,  jr. 

GENERAL  FEATURES. 

Roughly,  probably  one-third  of  the  Circle  quadrangle  is  occupied 
by  eruptive  rocks  and  the  greater  part  of  the  remainder  by  crystalline 
schists  and  gneisses.  Many  of  the  gneisses  and  some  of  the  schist? 
are  closely  connected  in  origin  with  the  eruptiTC  rocks,  and  igneous 
activity  has  therefore  played  a  veiy  important  part  in  the  history  of 
the  region. 

For  purposes  of  discussion  the  igneous  rocks  may  be  divided  into 
plutonic  rocks,  such  as  granites  and  diorites,  and  volcanic  rocks, 
such  as  rhyoUtes  and  basalts,  although  these  classes,  strictly  speak- 
ing, are  not  mutually  exclusive.  In  the  class  of  plutonic  rocks  are 
included  all  the  intrusive  rocks  that  crystallized  at  considerable 
depths  beneath  the  surface  or  under  conditions  similar  to  those  that 
exist  at  coasiderable  depths.  All  such  rocks  appear  wholly  crystal- 
line to  the  naked  eye.  In  the  class  of  volcanic  rocks  are  included  ftU 
the  rocks  that  crystallized  at  the  surface  or  under  conditions  simula- 
ting those  at  the  surface,  as,  for  instance,  in  many  dikes  and  volcanic 
plugs.  The  volcanic  rocks  thus  include  all  the  extrusive  and  some 
of  the  intrusive  rocks.  Such  rocks  are  either  microcrystalline  or 
partly  glassy. 

PLUTONIC   ROCKS. 
DXBTBIBIJTIOV  ABB  AGS. 

The  plutonic  rocks,  both  geographically  and  geoli^cally,  are  the 
most  important  igneous  rocks  of  the  Circle  quadrangle.  TTiey  occur 
as  dikes  and  irregular  intrusive  bodies  and  the  areas  covered  by  them 
vary  greatly  in  size.  In  the  east-central  part  of  the  Circle  quadrangle 
there  is  an  area  of  granitodloritic  rock  approximately  70  miles  long 
and  50  miles  wide,  which  connects  on  the  east  with  the  intrusive  mass 
tliat  forms  Glacier  Mountain  in  the  Fortymile  quadrangle.  As  pros- 
pectors have  reported  coal  from  the  center  of  this  mass  it  is  probable 
that  it  contains  a  small  basin  of  younger  unaltered  sedimentary  rocks. 
Nevertheless,  its  extent  gives  some  idea  of  the  laige  scale  on  which 
the  intrusive  action  has  occurred. 

It  is  probable  that  all  the  plutonic  rocks  were  not  intruded  simulta- 
neously, for  in  several  localities  acidic  granites  cut  basic  granites  and 
diorites.  A  conglomerate  which  is  regarded  as  Cretaceous  in  age  has 
been  found  to  contain  bowlders  of  basic  granite  and  diorite,  and  for 
this  reason  it  is  likely  that  some  of  the  more  basic  granodioritic  rocks 
were  intruded  previous  to  a  part  at  least  of  the  CretaoMOa.  The 
'ntrusions  probably  took  place  at  several  periods  d|!aiiq|4i|ri^|i|tfHK)ic 


lONEOUS  BOCKS.  87 

era.    In  the  Rampart  r^on,  farther  west.  Upper  Cretaceous  rocks 
have  been  intruded. 

The  regional  strike  of  the  ciystalline  schists  is  northwest  and  south- 
east; and  many  of  the  intrusive  bodies  lie  in  conformity  with  this 
major  structural  direction.  For  instance,  the  large  intrusive  mass 
50  miles  wide,  previously  mentioned,  narrows  toward  the  southeast  to 
12  miles  and  toward  the  northwest,  along  the  ridge  at  the  heads  of 
Coal,  Woodchopper,  Webber,  and  Thanksgiving  creeks,  to  but  2  or  3 
miles. 


In  general,  the  plutonic  rocks  have  not  suffered  extensive  regional 
metamorphism.  The  Eocene  conglomerate,  however,  which  is 
younger  than  the  plutonic  rocks  of  the  region,  has  been  closely  folded, 
the  strata  at  some  localities  being  vertical.  This  Tertiary  movement 
should  have  had  some  effect  on  the  plutonic  rocks,  and  possibly  the 
gneisses  that  occur  on  the  periphery  of  the  large  granite  and  diorite 
massed  were  largely  due  to  it.  The  later  metamorphism  was  probably 
insufficient  to  leave  traces  in  the  interior  of  the  large  intrusive  bodies, 
but  was  able  to  affect  them  along  their  contacts,  where  the  movement 
was  locally  intensified.  On  the  other  hand,  some  of  the  gneissoid 
structure  seems  to  be  primary. 

VnSTAMOXFBOnD  PLUTOVXO  BOOSi. 

ORANmC  ROCKS. 

Granitic  rocks  are  the  most  common  igneous  rocks  in  the  Circle 
quadrangle,  occurring  in  many  varieties  depending  on  the  character 
and  amount  of  the  femic  minerals.  The  common  femic  minerals 
observed  were  muscovite,  biotite,  hornblende,  tourmalme,  and  epi- 
dote,  and  the  rocks  have  been  so  named  as  to  indicate  the  dominant 
one  of  these  minerals  present. 

Muscovite  granite  and  alashite. — In  the  hand  specimens  the  musco- 
vite granite  and  alaskite  range  from  fine  to  coarse  grained  varieties 
and  are  invariably  light  in  color.  In  composition  they  range  from 
the  muscovite  granite  proper,  in  which  muscovite  is  abundant,  to 
alaskite,  which  consists  essentially  of  quartz  and  feldspar,  with  mus- 
covite or  biotite  developed  only  in  subordinate  amount.  As  acces- 
sory minerals  garnet,  apatite,  zircon,  and  oxides  of  iron  commonly 
occur.  The  feldspars  are  chiefly  orthoclase  and  microcline,  witli 
subordinate  amounts  of  plagioclase,  ranging  in  composition  from 
albite  to  basic  oligodase.  In  some  specimens  the  orthoclase  and 
microcline  are  graphically  intergrown  with  the  quartz,  giving  rise  to 
ft  graphic  granite. 

The  muscovite  granite  and  alaskite  occur  in  small  amount  com- 
pared widi  the  biotite  and  hornblende  granite,  and  it  is  evident  that 
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they  axe  relatively  unimportant.  Good-sized  bodies  of  muscovite 
granite  are  present  in  a  few  localities,  as  for  instance  along  the  divide 
at  the  head  of  Coal  Creek,  but  for  the  most  part  it  occurs  as  dikes 
cutting  the  other  granitic  rocks  and  the  metamorphosed  sedimentary 
rocks. 

MuscavUe-hiotUe  granite, — ^Muscovite-biotite  granites  or  granites 
which  carry  muscovite  and  biotite  in  approximately  equal  amounts 
represent  the  true  granite  type,  or  granite  as  the  term  is  used  in  the 
narrow  sense.  They  do  not  differ  greatly  in  appearance  or  in  general 
character  from  the  muscovite  granite  and  alaskite  group.  In  the 
field  some  of  them  appear  slightly  darker  by  reason  of  their  content 
of  biotite,  but  in  others  the  biotite  has  been  leached  and  can  be  told 
from  muscovite  only  by  the  aid  of  the  microscope.  In  the  specimens 
examined  the  potash  feldspar  is  chiefly  orthoclase  and  the  plagiodase 
is  oligoclase.  The  accessory  constituents  are  apatite,  zircon,  and 
garnet.    In  places  epidote  is  developed  as  a  secondary  product. 

In  mode  of  occurrence  and  relative  importance  the  true  granites 
do  not  differ  materially  from  the  muscovite  granite  and  alaskite. 
They  occur  both  in  dikes  and  iti  larger  bodies  and  are  probably  more 
closely  related  in  age  to  the  acidic  granites  than  to  the  basic  types.  In 
general  they  appear  to  grade  into  muscovite  granite  and  alaskite  on 
one  hand  and  into  biotite  granite  on  the  other. 

Biotite  granite. — ^Biotite  granite  seems  to  be  the  dominant  rock  in 
the  Circle  quadrangle.  It  is  composed  largely  of  quartz,  feldspar, 
and  biotite,  all  three  of  which  are  as  a  rule  visible  in  hand  specimens. 
Orthoclase  and  microcline  are  both  developed,  although  the  former  is 
the  more  common.  The  plagiodase  varies  in  composition  and  in 
many  specimens  shows  zonal  growths  with  acidic  rims.  One  section 
of  a  zonal  growth  cut  parallel  to  010  gave  extinctions  of  +6^  to  —23^ 
measured  against  the  001  cleavage,  indicating  a  variation  from  oligo- 
clase to  acidic  labradorite.  In  general,  however,  the  variation  is  not 
quite  so  great  as  this. 

Biotite  is  evenly  distributed  throughout  the  rock,  but  much  of  it  is 
altered,  chiefly  to  chlorite,  though  in  some  degree  also  to  epidote  and 
muscovite.  A  specimen  taken  along  Ooodpaster  River,  just  above 
the  mouth  of  Indian  Creek,  illustrates  well  the  formation  of  musco- 
vite from  biotite.  The  common  accessory  minerals  are  apatite^ 
zircon,  titanite,  garnet,  magnetite,  and  other  oxides  of  iron.  Sec- 
ondary products  in  addition  to  chlorite,  epidote,  and  sericite  are 
calcite,  pyrite,  and  hematite. 

Any  large  mass  of  granitic  or  dioritic  material  in  this  area  com- 
monly contains  a  biotite  granite  facies.  Biotite  granite  is  found 
along  the  ridge  between  Coal  Creek  and  Charley  River,  on  the  ridge 
between  Birch  Creek  and  North  Fork  of  Birch  Creek,  on  the  ridge  at 
the  head  of  Buckskin  Creek,  on  Hutchinson  Creek,  on  a  stream  enter- 
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ing  Salcha  River  from  the  south  just  below  The  SpIitS;  and  at  many 
other  localities.  Much  of  the  granite  along  Goodpaster  River  is  also 
of  this  kind.  Biotite  granite  occurs  likewise  in  some  of  the  larger 
dikes  of  the  district. 

Amphibcle  granite. — ^Through  a  decrease  in  the  amount  of  biotite 
and  an  increase  in  the  amount  of  hornblende,  the  biotite  granite 
grades  imperceptibly  into  hornblende  granite.  Hence  many  speci- 
mens show  both  -biotite  and  hornblende.  The  biotite-homblende 
granites  are  darker  than  the  pure  biotite  varieties,  mainly  because 
they  contain  a  larger  proportion  of  f emic  minerals.  As  a  rule  it  is  not 
possible  in  the  field  to  separate  them  from  quartz  diorites.  In 
granularity  they  do  not  differ  greatly  from  the  other  granite^  de- 
scribed, although  those  in  which  hornblende  is  the  chief  femic  mineral 
may  be  a  little  coarser.  As  in  the  biotite  granites,  the  feldspar  is 
seen  under  the  microscope  to  be  largely  orthoclase,  with  subordinate 
plagioclase  having  an  average  composition  of  basic  oligoclase. 
Where  hornblende  is  present  titanite  appears  to  be  the  most  important 
accessory  constituent.  The  other  accessory  minerals  are  apatite, 
magnetite,  and  zircon,  and  the  secondary  minerals  epidote,  calcite, 
and  sericite.  A  specimen  from  a  point  2}  miles  west  of  the  junction  of 
Manila  Creek  wi^  Middle  Fork  of  Fortymile  River  shows  evidence  of 
considerable  metamorphism,  which  has  resulted  in  the  development 
of  undulatory  extinction  in  the  quartz  crystals  and  in  the  formation 
of  myrmekite  or  secondary  quartz  and  feldspar  within  the  feldspars. 
Another  specimen  of  particular  interest,  collected  from  the  north 
side  of  Slate  Creek  where  it  joins  the  Fortymile,  is  a  basic  differentiate 
of  the  granitic  magma,  consisting  largely  of  hornblende  and  biotite 
with  subordinate  quartz,  orthoclase,  and  albite  that  show  strain 
phenomena.  The  hornblende  is  zonally  grown,  being  brown  in  the 
center  and  grading  outward  into  the  ordinary  green  variety. 

Hornblende  granite  forms  much  of  Veta  Mountain  and  is  found  also 
on  the  spur  between  Ole  and  Independence  creeks,  on  the  spur 
between  Pittsburg  and  Portage  creeks,  and  at  numerous  other  locali- 
ties.   It  is  not  nearly  so  plentiful,  however,  as  biotite  granite. 

One  specimen — the  only  one  found  in  the  quadrangle — of  a  granite 
carrying  pyroxene  was  obtained  on  the  spur  between  Ole  and  Inde- 
pendence creeks  about  half  a  mile  north  and  2)  miles  east  of  the 
junction  of  the  two  creeks.  This  specimen,  however,  is  not  a  true 
pyroxene  granite,  for  the  diopside  which  it  contained  was  subordinate 
in  amount  to  the  hornblende  and  biotite.  It  is  better  described  as 
a  pyroxene-bearing  hornblende  granite. 

Tourmaline  granite. — ^At  several  localitiee  ^^thftarea  tourmaline- 
bearing  granite  has  been  noted.  It  dpes  jplkJplHlBKjMMpal  appear- 
ance from  the  hornblende  granite,  but  ir  ^liM^  to  con- 
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BiBt  of  quartz^  orthoclase,  oligoclase,  and  tounnaline,  accompanied  in 
many  specimens  by  muscoyite^  apatite^  garnet,  and  zircon. 

Epidote  granite. — ^Afc  one  or  two  localities,  notably  on  the  spur 
northwest  of  the  mouths  of  Comet  and  Champion  creeks,  granites 
containing  considerable  amounts  of  epidote  have  been  found.  The 
epidote  is  fresh  looking,  but  the  presence  of  calcite  and  chloritized 
biotite  indicates  that  it  is  of  secondary  origin.  Microcline  and  albite 
are  the  feldspars  commonly  developed. 

MONZONmC  BOGK8. 

A  monzonitic  type  of  granitodioritic  rock  occurs  on  the  ridge  be- 
tween Mosquito  Fork  and  Buckskin  Creek,  close  to  the  east  edge  of 
the  quadrangle.  At  this  point  rocks  that  consist  of  quartz,  ortho- 
clase,  plagioclase,  hornblende,  biotite,  titanite,  apatite,  and  magne- 
tite were  found.  The  plagioclase  varies  from  andesine  to  acidic  labra- 
dorite,  and  is  present  in  about  the  same  proportion  as  the  orthoclase. 
In  the  Fortymile  quadrangle,  just  across  the  border,  another  specimen 
of  the  same  type  was  found.  These  rocks  are  of  interest  chiefly  on 
account  of  the  fine  examples  of  myrmekite  which  they  afford. 

DIOBinC  BOOKS. 

Oranodiorite. — ^In  association  with  the  granitic  and  diorltic  intru- 
sives  granodiorite  has  been  found.  like  the  monzonite,  however,  it 
has  been  noted  at  only  a  few  localities  and  is  relatively  unimportant. 
It  contains  less  orthoclase  than  the  monzonite  and  more  than  the 
quartz  diorite,  and  thus,  with  the  monzonite,  it  constitutes  a  tran- 
sition from  the  granites  to  the  quartz  diorites.  The  plagioclase 
ranges  from  oligoclase  to  acidic  labradorite.  In  other  respects  the 
granodiorite  does  not  differ  materially  from  many  of  the  hornblende 
and  biotite  granites. 

Qy/irtz  diorite. — ^In  most  hand  specimens  the  quartz  diorite  and 
related  rocks  are  darker  than  the  granitic  and  monzonitic  rocb, 
this  being  due  to  the  larger  amounts  of  femic  minerals  which  the 
diorites  as  a  rule  possess.  Several  varieties  of  quartz  diorite,  depend- 
ing on  the  character  of  the  dominant  femic  minerals,  have  been  noted, 
among  them  quartz-mica  diorite,  quartz-mica-homblende  diorite, 
and  quartz-hornblende  diorite.  Qu&rtz  diorite  porphyry  has  also 
been  found.  The  primary  minerals  are  quartz,  plagioclase,  ortho- 
clase, biotite,  hornblende,  apatite,  augite,  titanite,  magnetite,  ilmcn- 
ite,  and  zircon,  and  the  secondary  minerals  sericite,  epidote,  zoiaito, 
chlorite,  calcite,  pyrite,  and  quartz.  Quartz  and  feldspar  are  the 
most  plentiful,  although  biotite  and  hornblende  commonly  form  an 
important  part  of  the  rocks.  In  general  the  fabric  of  these  rocks  is 
hypidiomorphic  granular,  but  in  some  occurrences  the  feldspar  and 


IGNEOUS  BOOKS.  41 

locally  both  the  feldspar  and  the  quartz  have  developed  in  part  as 
phenocrysts,  giving  rise  to  a  porphyritio  fabric.  Angite  is  an  acces- 
Boiy  femic  mineral  and  does  not  occur  in  quantities  sufficient  to 
form  quartz-augite  diorite.  The  plagioclase  is  characterized  by 
well-developed  zonal  growths,  most  of  which  have  basic  centers  and 
acidic  rims.  Extinction  angles  on  010  sections  measured  against  the 
001  cleavage  gave  from  +5*^  to  —25*^,  indicating  compositions  vary- 
ing from  oligodase  to  labradorite.  Where  alteration  has  taken 
place,  the  zonal  growths  are  usually  more  changed  than  the  outer 
rims.  The  chlorite  and  sericite  are  derived  lai^ely  from  the  biotite, 
and  the  epidote  and  zoisite  are  formed  for  the  most  part  as  alteration 
products  of  hornblende. 

Quartz  diorite  occurs  at  many  localities  in  the  Circle  quadrangle, 
both  in  association  with  more  acidic  intrusives  and  in  large  masses 
separated  from  the  granitic  rocks.  With  the  more  acidic  intrusives, 
it  is  found  along  Groodpaster  River,  on  the  ridge  at  the  head  of 
Miller  Creek,  on  the  ridge  at  the  head  of  Coal  Creek,  on  the  ridge  east 
of  Granite  Creek,  at  the  head  of  Shaw  Creek,  and  elsewhere.  More 
extensive  occurrences  are  at  Twin  Mountain  and  West  Point. 

DiariU. — ^Two  main  types  of  diorite  are  developed  in  the  region. 
The  more  plentiful  is  hornblende  diorite,  which  consists  essentially 
of  feldspar  and  hornblende  with  a  few  crystals  of  apatite  and  pyrite. 
The  feldspar  is  largely  plagioclase  with  an  average  composition  of 
andesine,  although  the  zonal  growths  that  characterize  the  rocks 
vary  in  composition  from  oligoclase  to  labradorite.  Qrthoclase  is 
relatively  unimportant. 

The  other  type  is  the  augite  diorite,  which  differs  from  hornblende 
diorite  in  having  augite  and  biotite  in  place  of  hornblende.  Qrtho* 
clase  is  commonly  present,  although  subordinate  in  amount  to  the 
plagiodaae.  The  aocessoiy  constituents  are  apatite,  magnetite,  and 
titanite,  with  small  amounts  of  secondary  epidote. 

No  large  bodies  of  true  diorite  have  been  found,  but  the  occurrences 
noted  are  associated  with  larger  bodies  of  dioritic  and  granitic  rock. 
In  the  Circle  quadrangle  hornblende  and  augite  diorites,  like  the 
monzonites  and  granodiorites,  are  doubtless  to  be  regarded  as  f  acies 
of  the  granodioritic  magma  rather  than  as  characteristic  rock  types. 

OABBRO. 

As  a  rock  type  gabbro  is  of  little  importance  in  the  area  under 
consideration.  It  is  found  in  two  or  three  places  only,  and  is  probably 
a  differentiated  facies  of  a  more  acidic  magma.  Specimens  have  been 
collected  on  the  ridge  at  the  head  of  Fisher  Creek  and  at  the  junction 
of  Shaw  Creek  with  North  Fork  of  Birch  Creek.  The  specimens 
examined  consist  largely  of  feldspar  and  augite,  with  accessory  mag- 
netite and  apatite.    The  feldspar  is  exclusively  plagioclase,  varying 
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somewhat  in  compositioD  bat  averaging  about  the  compositioii  ol 
labradorite.  Chlorite  is  commonly  present  and  is  probably  deriveal 
from  biotite.  In  the  specimen  from  Shaw  Creek  qoartz  was  also 
found  to  be  present,  so  that  the  rock  from  this  locality  is  really  i 
quartz  gabbro.  The  gabbros  differ  from  the  aogite  dioritee  mainlj 
in  their  total  tack  of  orthodase. 

FIRIDOnnt  AKD  PTBOXBHTrB. 

Along  the  ridge  at  the  head  of  Fisher  Creek  tJiere  is  a  body  of  peri- 
dotite  of  considerable  size.  The  rock  is  a  diuilte  and  consists  entirelj 
of  olivine,  muc^  of  which  is  altered  in  part  or  wholly  to  serpentine. 

Fyroxenites  have  been  noted  at  several  localities.  At  the  junction 
of  the  two  large  streams  which  make  up  South  Fork  of  Salcha  River 
is  an  altered  pyroxeaite  that  consists  entirely  of  pyroxene,  probably 
augite,  which  has  been  altered  subsequently  to  tr^olit«  and  tremo- 
lite  asbestos. 

On  Joseph  Creek,  about  1^  miles  above  Joseph  village,  specimens 
of  pyroxenite  were  collected  which  in  thin  section  are  seen  to  consist 
lai^Iy  of  augite,  with  small  amounts  of  hornblende,  apatite,  basic 
labradorite,  and  oxide  of  iron,  probably  magnetite.  Some  of  the 
hornblende  is  probably  of  secondary  origin,  and  calcite  ako  occurs  hs 
a  secondary  product.  One  specimen  was  considerably  mineralized 
by  pyrite,  which  occurs  along  cracks,  replacing  augite.  In  this  speci- 
men the  apatite  was  very  noticeably  biaxial. 

Along  the  divide  between  Salcha  River  and  Shaw  Creek,  about  10 
miles  south  and  2}  miles  east  of  The  Splite,  a  diallagite  was  col- 
lected, which  consists  essentially  of  diallage,  with  small  amounts  of 
olivine,  tremolite,  feldspar  altered  to  chlorite,  and  magnetite. 

Peridotites  and  pyroxenites  have  also  been  found  at  several  locaL- 
ties  in  this  r^on  outside  of  the  Circle  quadrangle.  About  20  miles 
southeast  of  the  quadrangle,  in  the  ■"  "        "  ~  _     -      . 

mile  River,  Iherzolite  and  websteri 
tic  lava  of  a  small  extinct  volcano 
Fork. 


.IUtt  /if  n«nnu/in    1?n.L-    ^t  V^.^ 


Oranite  gneiaa. — ^Along  the  perip 
masses  granite  gneiss  is  found.  Ti 
be  attributed  to  regional  metamor] 
shows  no  evidence  of  such  alteral 
result  of  local  metamorphism  al< 
gneisses,  however,  show  no  signs 
tion  and  are  possibly  of  primary  o 

In  composition  the  granite  gnei 
*he  granite.     Quartz,  orthoclase  i 
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biotite,  and  hornblende  form  the  essential  constituents.  Augite  also 
occurs  in  some  specimens.  As  accessory  constituents  garnet,  apa- 
tite, tourmaline,  magnetite,  zircon,  and  titanite  are  developed.  The 
secondary  products  are  sericite,  chlorite,  epidote,  and  calcite.  In 
general  the  quartz  and  feldspar  show  undulatory  extinction  caused 
by  the  strain  which  the  rocks  have  suffered.  The  banded  character 
of  the  gneisses  is  very  apparent  in  all  hand  specimens  and  in  many 
thin  sections. 

In  addition  to  the  granite  gneisses  along  the  edges  of  the  large 
intrusiye  masses  still  older  gneisses  have  been  found.  Augen  gneiss 
occurs  in  considerable  amoimts  at  certain  localities  in  the  Birch  Creek 
schist.  It  is  granitic  in  character  but  differs  from  the  gneisses  previ- 
ously mentioned  in  the  amount  of  metamorplusm  it  has  suffered. 
The  feldspars,  as  a  rule,  are  drawn  out  in  elongated  ''augen"  and  are 
more  commonly  microcline  than  orthoclase.  In  many  occurrences 
the  gneissoid  banding  closely  approaches  schistosity.  These  rocks 
are  doubtless  the  metamorphosed  representatives  of  earlier  plutonic 
rocks. 

Quartz  dioriie  gneiss  {mstadioriie) . — ^The  dioritic  rocks,  like  the 
granites,  have  undergone  metamorphism  in  many  places  along  the 
contacts  of  the  large  intrusive  bodies.  Different  varieties  occur 
among  the  gneissoid  representatives  as  they  do  among  the  quartz  dio- 
rites  proper.  In  general,  the  gneisses  differ  from  the  quartz  diorites 
chiefly  in  the  strain  phenomena  exhibited  by  the  quartz  and  feldspar 
and  in  the  banded  character  of  the  rock.  In  addition,  some  of  their 
pkgioclase  shows  an  inclination  toward  the  combination  of  albite 
and  pericline  twinning.  Some  of  the  quartz  diorite  gneisses  show 
evidences  of  primary  gneissoid  character. 

VOLCANIC   ROCKS. 
DISTBJBimOV  An  A0S. 

The  volcanic  rocks  of  the  region,  as  here  grouped,  include  all  the 
lava  rocks  resulting  from  volcanic  or  fissure  eruptions,  together  with 
the  apbanitic  intrusive  rocks  of  related  origin.  IJke  the  plutonic 
rocks,  these  fine-grained  rocks  show  acidic,  basic,  and  intermediate 
varieties,  but  the  acidic  and  basic  rocks  are  more  sharply  separated 
and  are  of  about  the  same  relative  importance. 

Geographically,  the  unmetamorphosed  volcanic  rocks  are  of  less 
importance  than  the  plutonic  rocks  and  show  less  variation  in  compo- 
sition. Surface  lava  occurs  in  many  localities  in  the  region  and  it  is 
possible  that  a  great  deal  more  of  it  was  poured  out  and  later  removed 
by  erosion.  Tim  ^Vgfi  number  of  acidic  and  basic  dikes  in  the  quad- 
I'luig^  tend  t0HMlMI||rte  this  view.  In  at  least  one  place  around  the 
head  <|C  UtaSttil^^  *  be  shown  that  the  rhyoHte  porphyry 
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flows  were  connected  wHh  one  or  more  underlying  dikes.  On  the 
other  hand,  at  the  basaltic  Dennison  Fork  volcano,  outside  of  the 
quadrangle,  the  eruption  was  of  the  central  type.  It  is  therefor? 
probable  that  both  kinds  of  eruptive  action  were  important  in  th(> 
volcanic  history  of  the  region. 

The  general  atrike  of  many  of  the  dikes  is  north-south  to  northeast- 
southwest,  and  at  the  head  of  Charley  River  the  surface  flows  also 
conform  to  this  direction.  This  trend  is  almost  at  right  angles  to  that 
assumed  by  the  crystalline  schists  and  plutonic  rocks. 

The  volcanic  rocks,  as  might  be  inferred  from  what  has  been  said, 
difl^er  in  age  from  the  plutonic  rocks.  In  general,  the  dike  rocks  and 
sui'face  flows  are  to  be  regarded  ss  Tertiary  or  later,  although,  like  the 
deep-seated  rocks,  they  are  not  to  be  ascribed  altogether  to  one  time. 
They  comprise  both  acidic  and  basic  rocks,  and  it  is  probable  that  the 
two  types  are  of  different  age.  The  basic  rocks  are  so  fresh  and 
unaltered  that  it  has  seemed  best  to  regard  them  as  younger  than 
the  acidic  rocks,  which,  further,  appear  in  one  or  two  places  to  havr 
been  cut  by  basic  dikes,  although  this  relation  has  not  been  definitely 
established.  Both  acidic  and  basic  dikes,  however,  cu  t  conglomoratr 
regarded  as  of  Cretaceous  age,  and  it  seems  safe,  therefore,  to  regard 
most  of  the  volcanic  rocks  as  subsequent  to  a  portion  of  the  Creta- 
ceous at  least  and  as  probably  belonging  to  the  Tertiary  ]>eriod. 

BHTOUTIO  BOOKS. 

The  rhyolitic  rocks  are  light  colored  and  conmionly  porphjritic. 
with  phenocrysts  of  quartz  and  feldspar.  In  hand  specimens  the 
groundmass  is  generally  aphanitic,  although  it  is  often  possible  to  t^li 
the  character  of  the  dominant  femic  mineral.  Many  rocks  of  rhyo- 
litic composition  occur  throughout  the  region. 

The  rhyolite  and  rhyoUte  poTphjry  of  the  region  consist  essentially 
of  quartz,  orthoclase,  and  acidic  plagioclase,  together  with  some  dom- 
inant femic  mineral  and  accessory  minerals.  The  plagioclase  varies 
in  composition  from  albite  to  andesine,  but  has  an  average  composi- 
tion corresponding  approximately  to  basic  oligoclase.  Some  micro- 
cline  occurs  along  with  the  orthoclase.  The  three  essential  constit- 
uents— quartz,  orthoclase,  and  plagioclase — occur  both  as  phenocrysts 
and  as  components  of  the  groundmass,  although  not  uncommonly  the 
plagioclase  occurs  only  in  the  groundmass.  Many  of  the  phenocrysts 
are  corroded,  showing  the  effects  of  magmatic  resorption. 

Biotitc  and  muscovito  are  the  commonest  rock-forming  femic  min- 
erals, occurring  singly  in  some  rhyolites  but  generally  in  combination. 
Two  specimens  show  an  altered  pyroxene  as  the  chief  femic  constituent, 
but  alteration  has  proceeded  too  far  to  permit  the  original  character 
of  the  pyroxene  to  be  determuicd.  As  accessory  constituents,  apatite. 
ircon,   garnet,    magnetite,   ilmenite,    and    titanite   are   developed- 
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Chlorite,  sericite,  epidote,  calcite,  and  pyrite  are  the  common  second- 
ary minerals. 

The  fabric  of  the  rhyolitic  rocks  is  somewhat  variable;  depending 
chiefly  on  the  content  of  glass.  A  complete  range  of  fabrics  from  holo- 
crystalline-porphyritic  to  vitrophyric  has  been  found,  but  the  per- 
crystalline  porphyritic  type  is  the  most  common.  Where  much  glass 
is  present  many  ''Sphaerocrystallen"  (circular  areas  showing  aggre- 
gate polarization)  occur  in  the  glassy  base.  One  or  two  of  the  more 
crystalline  specimens  show  the  development  of  typical  flow  struc- 
tures. 

As  a  rule  the  rhyolitic  rocks  are  very  little  metamorphosed,  although 
in  many  places  they  are  much  altered  by  general  aerial  and  aqueous 
agencies.  Only  one  specimen  among  those  examined  showed  any 
considerable  amount  of  metamorphism.  In  this  rock,  collected  along 
the  telegraph  line  about  6  miles  west  of  the  mouth  of  Uscum  Slough, 
the  phenocrysts  of  orthoclase  have  been  much  strained  and  drawn 
out,  althou^  they  still  retain  the  outlines  of  their  crystal  form.  In 
addition,  a  decided  schistose  fabric  has  been  developed.  The  phe- 
nomena of  dynamic  metamorphism  in  these  rhyolites,  however,  are 
of  purely  local  significance. 

The  rhyolites  occur  as  flows,  dikes,  and  tuffs.  The  sheets  around 
the  head  of  Charley  and  Goodpaster  rivers  are  the  best  examples  of 
the  flows.  The  dikes  occur  in  many  localities  throughout  the  field, 
but  mostly  in  the  vicinity  of  larger  granitic  bodies.  One  or  two 
occurrences  of  true  rhyolite  tuffs  have  been  found  in  the  quadrangle, 
but  except  for  their  tuffaceous  fabric  and  altered  character  they  differ 
in  no  way  from  the  other  rhyolites. 

DAOrrZC  AVD  AHDESZTZC  BOOKS. 

Dacites  and  andesites  constitute  the  fine-grained  rocks  of  inter- 
mediate composition.  Like  the  rhyolites,  they  are  conunonly  found 
in  association  with  deep-seated  rocks  of  the  granodioritic  magma, 
and  they  may  well  be  regarded  as  the  surface  equivalents  of  the 
quartz  diorites  and  diorites.  In  general  the  dacites  and  andesites  are 
likely  to  be  darker  than  the  rhyolitic  rocksj  but  in  many  occurrences 
thoy  can  not  be  discriminated  except  by  microscopic  examination. 

DacUe. — ^Rocks  of  the  dacite  type  consist  essentially  of  plagioclase, 
orthoclase,  quartz,  and  some  dominant  femic  mineral,  together  with 
accessory  minerals.  Orthoclase  is  not  always  present  in  the  mode, 
but  many  of  the  rocks  are  somewhat  glassy,  so  that  it  can  not  always 
be  said  that  potash  is  low  when  it  does  not  appear  in  one  of  the  rock- 
forming  minerals.  Dacite  is  generally  porphyritic,  moat 
crysts  being  plagioclase,  orthoclase  (if  present), 
minerals  also  occur  in  the  groimdmass. 
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The  plagioclase  varies  considerably  in  composition,  as  in  the  quartz 
diorites.  Sections  parallel  to  010  show  extinctions  varying  in  char- 
acter from  parallel  to  — 18^  on  the  001  cleavage,  indicating  a  compo- 
sition from  basic  oligoclase  to  acidic  labradorite.  Most  of  the  zonallj 
grown  feldspars  which  exhibit  these  variations  have  acidic  rims  and 
basic  centers,  and  the  rims  conomonly  withstand  alteratbn  better 
than  the  centers.  The  chief  femic  mineral  is  biotite,  though  horn- 
blende may  be  more  conspicuous  in  the  mode.  Where  it  is,  orthodase 
is  not  likely  to  be  present  and  the  plagiodase  is  likely  to  be  more 
basic.  Apatite,  augite,  magnetite,  zircon,  and  garnet  occur  as  acces- 
sory minerals.  Sericite,  chlorite,  epidote,  and  calcite  are  the  chief 
secondary  ndnerals.  The  sericite  is  derived  both  from  feldspars  and 
from  biotite.  Chlorite,  however,  occurs  for  the  most  part  as  an 
alteration  product  of  biotite.  Epidote  results  from  the  decompc^i- 
tion  of  both  biotite  and  hornblende,  but  in  one  or  two  specimens  it  is 
accompanied  by  calcite  as  the  alteration  product  of  garnet. 

The  fabric  of  the  dacitic  rocks  is  rather  diverse,  depending  on  the 
ph3^ioal  conditions  under  which  the  rock  solidified.  Almost  all  these 
rocks  are  porphyritic,  but  they  vary  from  ^^ocrystalline  to  vitro- 
phyric.  A  specimen  of  hornblende  dacite  snowed  under  tiie  micro- 
scope a  poikilitic  fabric,  with  hornblende  as  the  oikocrysts.  Flow 
structiires  may  also  be  seen  here  and  there. 

Dacitic  rocks  occur  chiefly  as  dikes,  which  are  distributed  through- 
out the  region,  although  they  are  not  so  plentiful  as  either  the  rhyolitic 
or  the  basaltic  rocks.  They  seem  to  be  more  closely  related  to  the 
rhyolites  than  to  the  basalts  and  diabases. 

AndesiU. — In  general  character  and  mode  of  occurrence  the  aD(i^ 
sites  do  not  differ  materially  from  the  dacites  except  in  containing  no 
quartz.    They  are  rather  scarce  and  do  not  merit  any  further  mention. 

BAiai.TXO  AirD  DZABAfiZO  BOOKS. 

BiisaU. — ^The  basalts  are  dark  gray  to  black  fine-grained  to  apha- 
nitic  rocks.  Some  of  them  are  megaporphyritic,  though  much  leas  so 
than  the  more  acidic  volcanic  rocks.  Through  extensive  alteratioD 
they  have  been  altered  in  some  places  to  dark-green  rocks  that  con- 
stitute a  part  of  the  so-called  greenstones. 

Under  the  microscope  the  basalts  are  seen  to  consist  essentiaUy  of 
plagioclase  and  augite.  Other  ndnerals,  such  as  olivine,  quartz^ 
hypersthene,  biotite,  and  basaltic  hornblende,  appear  here  and  there 
in  considerable  amounts,  giving  rise  to  different  varieties  of  the  rock. 
Magnetite  and  apatite  are  the  accessory  constituents.  In  addition, 
considerable  amounts  of  glass  are  conmion.  The  chief  varieties  of  the 
rock  are  feldspar  basalt  (the  common  variety),  olivine  basalt,  and 
quartz  basalt. 
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The  plagiodase  ranges  from  andesine  to  bytownite.  Zonal  growths 
measured  on  010  sections  have  extinction  angles  of  —7^  to  —34^  on 
the  001  cleavage.  It  occurs  usually  in  subhedral  lath-shaped  indi- 
viduals. The  augite  occurs  in  angular  grains  between  the  feldspar. 
Not  uncommonly  weakly  pleochroic  ciystals  of  hypersthene  take  the 
place  of  the  augite,  either  in  part  or  altogether.  Biotite  and  basaltic 
hornblende  occur  less  commonly.  Quartz  is  abundant  as  anhedral 
grains  in  the  groundmass  or  as  phenocrysts  showing  resorption. 
Where  resorption  has  taken  place,  the  quartz  is  generally  surrounded 
by  a  rim  of  glass,  which  is  in  turn  surrounded  by  a  rim  of  radiating 
monodinic  pyroxene  needles.  Where  quartz  has  been  observed, 
olivine  is  usually  lacking.  Considerable  glass  is  generally  present, 
and  "Sphaerociystallen"  occur  in  the  glassy  base. 

The  fabric  of  the  basaltic  rocks  varies  considerably,  depending 
laigely  on  the  amount  of  glass.  One  or  two  specimens  are  holocrys- 
talline  and  show  a  true  doleritic  fabric.  Others  are  dominantly 
glassy,  with  resulting  vitrophyritic  fabrics.  Between  these  extremes 
intersertal  and  hypociystalline  porphyritic  fabrics  occur.  Where 
the  rock  is  porphyritic,  olivine,  augite,  and  feldspar  may  occur  as 
phenocrysts.' 

The  basalt  occurs  both  as  flows  and  as  intrusive  bodies.  The  Den- 
nison  Fork  volcano  is  the  best  example  of  extrusive  lava.  The 
intrusive  dikes  and  plugs  occur  at  many  localities  throughout  the 
quadrangle. 

Diahaae. — ^Diabase  occurs  in  part  as  an  intrusive  rock  of  Paleozoic 
age  and  in  part  as  an  intrusive  rock  of  probable  Tertiary  age,  asso- 
ciated with  the  basalts.  The  older  diabases  occur  mostly  as  sills  and 
larger  intrusive  bodies,  which  by  metamorphic  processes  have  been 
altered  laj^ely  to  greenstones  and  serpentine.  Rocks  of  this  type 
outcrop  at  numerous  localities  on  both  sides  of  the  Yukon  above 
Circle.    A  diabase  butte  rises  at  the  headwaters  of  Salcha  River. 

The  younger  diabase  rocks  occur  for  the  most  part  as  dikes  and  do 
not  differ  materially  from  the  basalts  in  mineral  constituents.  True 
diabase,  quartz  diabase,  and  olivine  diabase  occur,  but  as  a  rule  the 
rocks  are  holocrystalline  or  very  nearly  so.  In  many  dikes  the  plagio- 
dase and  augite  are  poikilitically  intergrown,  giving  rise  to  the  ophitic 
fabric.  In  others,  however,  the  augite  is  less  plentiful  and  a  little 
glass  occurs,  causing  the  intersertal  fabric.  Like  the  basalts,  the 
younger  diabase  rocks  are  fresh  and  but  little  altered.  They  have 
been  found  on  Sheep  Creek,  Hutchinson  Creek,  Oranite  Creek,  North 
Fork  of  Fortynule  River,  and  elsewhere. 

smocABT. 

In  the  Circle  quadrangle  a  considerable  variety  of  igneous  rock 
types  have  been  found.  They  vary  on  the  one  hand  from  granites  and 
quartz  monzonites  through  granodiorites  and  diorites  to  gabbros, 
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peridotites,  and  pyroxenitds;  and,  on  the  other  hand,  from  ifayolites 
and  dacites  to  andesites  and  basalts.  In  none  of  these  lodLS,  how- 
eyer,  have  any  minerals  rich  in  alkalies  been  found,  other  than  the 
ordinary  feldspars.  The  rocks  of  the  region  then  are  predominantly 
derivatives  of  a  granitodioritic  magma. 

The  uniform  presence  of  quartz  is  worthy  of  mention.  In  almost 
all  the  rocks  examined  quartz  enters  as  one  of  the  components  of  the 
mode,  and  rock  types  lacking  in  quartz  are  very  sparsely  represented. 
Monzonites  and  syenites  have  nowhere  been  found  and  diorites  and 
andesites  are  very  subordinate.  Even  many  of  the  basalts,  which 
in  other  regions  ordinarily  have  no  quartz,  in  the  Circle  quadrangle 
contain  considerable  amounts  of  it.  This  abundance  of  quartz  fits 
in  naturally  with  the  absence  of  alkali  minerals. 

Another  strikii^  feature  is  the  absence  of  the  basic  dikes  that  are 
so  common  in  regions  of  similar  intrusive  rocks.  Differentiation 
resulting  in  the  production  of  such  rocks  does  not  seem  to  have  taken 
place.  The  proportion  of  femic  minerals  in  the  phitonic  rocks  differs 
in  different  localities,  resulting  locally  in  the  production  of  a  rodL 
wherein  one  of  the  femic  minerals  is  the  dominant  rock-forming  com- 
ponent. Some  of  the  hornblende-rich  granites  and  diorites  illustrate 
this  condition,  but  the  relation  of  these  rocks  to  the  granitodioritic 
magma  is  plain,  some  one  mineral  being  merely  accentuated  without 
any  marked  modification  in  fabric  or  mode  of  occurrence.  On  the 
other  hand,  differentiated  acidic  rocks,  such  as  pegmatite  and  aplite, 
are  common. 

Regarded  as  a  whole,  the  igneous  rocks  of  the  Cirde  quadrangle  are 
of  importance  chiefly  on  account  of  their  wide  distribution.  Although 
many  varieties  occur,  yet  no  specialized  rock  types  have  been  noted. 
The  rocks  in  their  general  character  resemble  the  igneous  rocks  in 
southeastern  Alaska  and  in  the  Alaska  Range. 

CONTAOT  XETAJCOBPHISM. 

The  intrusive  rocks  have  complicated  the  structures  of  the  intruded 
rocks,  have  indurated  them,  and  have  developed  new  minerals  id 
them.  The  zone  of  influence,  however,  except  around  the  deep- 
lying  intrusions,  has  been  comparatively  narrow  and  has  probably 
nowhere  much  exceeded  1,000  to  2,000  feet. 

Where  the  deeper  rocks  have  been  intruded,  new  minerals^  princi- 
pally quartz,  feldspar,  garnet,  stauroUte,  and  biotite,  have  been 
developed,  and  generally  a  considerable  amotmt  of  pegmatitic 
material  has  been  formed  in  the  shape  of  many  small  apophyses 
crosscutting  the  schists  and  lying  parallel  to  their  structure.  Through 
this  process  the  schists  lose  their  identity  and  become  granitized. 
Where  the  limestones  have  been  metamorphosed  they  have  become 


MINEBAUZATION.  49 

in  places  gametiferous.    At  one  locality  a  large  amount  of  diopside 
and  some  scapolite  were  developed. 

Where  the  Paleozoic  carbonaceous  rocks  have  been  intruded 
andalusite  is  the  most  common  contact  mineral.  The  greenstones 
and  limestones  appear  to  have  undergone  but  little  alteration,  though 
the  limestones  in  some  places  contain  considerable  colorless  amphibole* 
The  pegmatitic  intrusions  are  apparently  rare  in  the  Paleozoic  rocks. 
Numerous  dikes ,  however,  are  typical  of  the  contacts  and  many  of 
them  are  parallel  to  the  structure  of  the  intruded  rocks.  In  com- 
position they  resemble  the  main  intrusive  mass  or  form  a  somewhat 
more  basic  rock  related  to  it.  About  the  only  effects  noticed  in  their 
vicinity  are  fracturing  and  induration.  In  comparison  with  the  large 
areas  of  intrusive  rocks  the  amount  of  contact  metamorphism  observed 
IS  relatively  small. 

KDm&ALZZATION. 

In  some  places  considerable  pyrite  occurs  in  the  rocks  adjacent  to 
the  igneous  masses,  and  in  the  Circle  district  both  cassiterite  and 
wolframite  have  been  obtained  in  the  Birch  Creek  schist  close  to  the 
biotite  granite. 

It  seems  highly  probable  that  the  gold  also  in  the  Circle  district  is 
more  or  less  closely  related  in  its  origin  to  the  intrusive  rocks.  On 
Homestake  Creek,  just  beyond  the  western  edge  of  the  quadrangle, 
gold  has  been  found  in  hi^y  mineralized  schist  next  to  the  contact 
with  a  dike  of  granite  porphyry.  On  Mosquito  Fork,  in  the  south- 
eastern part  of  the  quadrangle  near  the  boundary,  gold  and  consider- 
able iron  pyrites  occur  in  a  mineralized  zone,  with  many  small  quartz 
stringers  in  quartz  diorite.  Fine  flour  gold  is  readily  panned  from 
the  weathered  material.  The  occurrence  is  apparently  a  silicified 
shear  zone  in  the  igneous  rock.  Assays  of  two  specimens  gave  for 
one  0.58  ounce  gold  and  0.1  ounce  silver  and  for  the  other  0.36  ounce 
gold  and  0.1  ounce  silver  to  the  ton.  At  another  locality  on  Mosquito 
Fork,  near  the  mouth  of  Gold  Creek,  gold  has  been  found  in  veins  in 
close  association  with  igneous  rock.  Adjacent  to  both  eastern  and 
western  boundaries  of  the  quadrangle,  then,  gold  has  been  foimd  in 
close  association  with  igneous  rocks,  and  it  seems  highly  probable 
that  these  rocks  were  active  agents  in  the  mineralization  and  that 
the  contacts  of  the  intrusive  rocks  and  the  adjacent  portions  of  the 
intruded  rocks  are  the  most  favorable  localities  for  prospecting. 

That  the  granitic  intrusive  rocks  caused  the  formation  of  many  of 
the  quartz  veins  m  the  schists  and  later  rocks  is  shown  by  the  fact 
that  good  exposures  aroimd  intrusive  masses  (as  on  canyon  walls) 
show  the  main  intrusive  body  to  be  fringed  with  apophyses  of  more 
or  less  related  composition  which  farther  away  give  place  to  abundant 
97878*— BuU.  538—13 i 
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quartz  veins,  which  in  turn,  still  farther  away,  become  less  abundant 
and  finally  disappear,  indicating  that  they  bear  a  definite  relation  to 
the  intrusive  mass.  For  half  a  mile  or  more  around  many  if  not 
most  of  the  intrusive  bodies  abundant  quartz  is  present,  and  the  facts 
seem  to  indicate  clearly  that  it  has  resulted  from  the  intrusion.  The 
fact  that  intrusive  masses  occur  within  all  the  placer-mining  districts 
and  that  auriferous  quartz  veins  have  been  found  most  commonly  in 
the  vicinity  of  these  masses  suggests  that  the  gold  as  well  as  the 
quartz  had  its  origin  in  the  process  and  products  of  intrusion. 

STBUCTUBB. 

The  complex  structures  characteristic  of  the  sedimentary  forma^ 
tions  of  the  quadrangle  have  been  rendered  more  complex  by  the 
extensive  intrusions.  The  rocks  have  the  two  great  prevailing 
structural  trends  so  characteristic  of  much  of  Alaska — the  southeast- 
northwest  trend  and  the  southwest-northeast  trend.  In  the  Circle 
quadrangle  the  southeast-northwest  trend  is  the  more  apparent,  but 
in  places,  especially  toward  the  western  margin  of  the  quadrangle, 
the  other  trend,  which  is  characteristic  of  the  Fairbanks  quadrangle, 
begins  to  assert  itself. 

In  some  places  the  sedimentary  rocks  have  adapted  themselves  to 
the  outlines  of  the  igneous  bodies  and  have  bent  round  more  or  less 
in  conformity  to  them.  In  other  places  they  have  been  crumpled 
upon  themselves  or  cut  across  by  the  igneous  bodies. 

The  characteristic  structure  of  the  Birch  Creek  schist  is  one  of 
closely  appressed  recimibent  folds,  the  planes  of  whose  axes  are  nearly 
horizontal.  The  rocks  are  much  jointed  and  contain  much  lenticular 
quartz.  The  Paleozoic  rocks  also  have  been  closely  folded  and  in 
some  places  possess  structures  practically  as  complicated  as  those 
of  the  Birch  Creek  schist,  though  their  original  structures  have  not 
everywhere  been  so  thoroughly  obUterated.  Cleavage  is  a  rather 
characteristic  structure. 

The  Mesozoic  and  in  places  the  Tertiary  rocks  along  the  Yukon  have 
also  been  closely  folded.  The  Tertiary  deposits,  however,  have  not 
been  so  uniformly  affected  and  in  places  are  nearly  horizontal. 

A  line  connecting  the  Fairbanks  and  Circle  districts  apparently 
coincides  with  the  axis  of  a  large  anticlinal  area  of  the  Birch  Creek 
schist,  flanked  on  both  the  northwest  and  southeast  by  Paleozoic 
rocks.  The  rocks  flanking  the  northwest  side  bend  round  toward 
the  southeast  in  the  Crazy  Mountains  and  extend  across  the  northern 
edge  of  the  quadrangle.  The  rocks  flanking  the  southeast  side 
parallel  to  some  extent  the  belt  on  the  northwest  but  are  more  com- 
pUcated  by  the  presence  of  intrusive  masses.  This  second  belt  of 
Paleozoic  rocks  is  bounded  on  the  south  by  another  area  of  schist  that 
continues  toward  the  southeast,  flanking  the  large  masses  of  igneous 
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rock  that  occur  in  that  direction.  This  belt  of  schist  narrows  to 
about  6  miles  between  the  igneous  rock  and  Tanana  River  a  few 
miles  southeast  of  the  quadrangle. 

In  general,  then,  the  two  Paleozoic  synclinal  areas,  separated  bj 
an  anticlinal  area  of  schist,  bend  round  from  the  northeast  trend  to 
take  on  the  northwest  trend.  This  deflection,  which  is  one  of  the 
most  striking  facts  in  the  geology  of  Alaska,  is  shown  also  in  the 
Alaska  Range,  in  the  southern  coast  line  of  Alaska,  and  in  the  courae 
of  Yiikon  River. 

OBOLOOIO  HX8TOBY. 
EVSNTS  TO  THE  CLOSE  OF  THE  TEBTIABT. 

The  material  available  for  constructing  a  geologic  history  of  the 
region  is  scanty  and  it  is  only  possible  to  summarize  what  appear  to 
be  the  most  important  geologic  events. 

The  evidence  indicates  that  the  area  is  one  of  sedimentary  rocks, 
thousands  of  feet  in  thickness  perhaps  but  thin  in  comparison  with 
those  of  the  Yukon-Tanana  region  as  a  whole,  overlying  baiholithic 
masses  of  granitic  rocks  that  form  an  intrusive  foundation. 

The  lithologic  character  of  the  oldest  rocks,  the  Birch  Creek  schist, 
indicates  uniformity  of  conditions  over  wide  areas.  The  inter- 
bedding  of  arenaceous,  argillaceous,  and  some  calcareous  material 
is  common  wherever  these  schists  occur.  The  formation  becomes 
apparently  more  calcareous  toward  the  top,  where  both  limestone 
and  carbonaceous  schists  are  likely  to  be  found.  The  apparent 
thickness  of  these  deposits  indicates  a  long  continuance  of  con- 
ditions favorable  for  their  deposition.  The  presence  of  gneissoid 
granites  in  intrusive  relation  to  these  schists  indicates  that  the  con- 
solidation and  folding  were  accompanied  by  the  intrusion  of  granitic 
material  which  later  underwent  metamorphism  along  with  the  in- 
truded rocks.  The  rocks  become  gneissoid  with  increasing  depth, 
toward  the  intrusive  contact.  The  top  of  the  schists  is  regarded  as 
unconformable  to  the  Paleozoic  on  account  of  their  prevailing  greater 
metamorphism  and  their  greater  complexity  of  folding.  The  rela- 
tions of  the  two,  however,  are  nowhere  clearly  shown,  being  appar- 
ently obscured  by  welding  and  by  metamorphism  in  the  lower  portion 
of  the  Paleozoic. 

The  Paleozoic  was  an  era  of  great  variation  in  conditions  within 
somewhat  narrow  limits.  Quartz  feldspar  and  other  siliceous  sedi- 
ments form  an  important  part  of  the  geologic  section,  but  the  pre- 
vailing sedimentary  rocks  are  argillaceous,  with  abundant  limestone 
and  greenstone.  The  dominant  characteristic  of  the  Paleozoic  is  its 
abundant  volcanic  material.  In  some  areas  volcanic  action  com- 
menced apparently  near  the  beginning  of  Paleozoic  time  and  con- 
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tinued  at  intervals  until  i^t  reached  a  maximum,  perhaps  in  the  Middle 
Devonian.  Diabasic  and  basaltic  flows,  tuffs,  and  breccias  in  close 
association  with  limestones  of  the  Devonian  are  particularly  abundant 
and  indicate  widespread  volcanic  activity  during  that  part  of  the 
Paleozoic  era.  The  Paleozoic  areas  in  the  Fairbanks  quadrangle 
indicate  that  although  the  variation  in  sedimentation  was  great  there 
was  no  appreciable  stratigraphic  discontinuity  between  the  Ordo- 
vician,  Silurian,  and  Devonian.  Ordovician  fossib  occur  in  con- 
glomerates underlying  limestone  and  in  the  limestone  itself  near  the 
base;  farther  up  in  the  same  body  of  limestone  Silurian  fossils  occur; 
and  still  higher  up  fossils  that  have  been  detennined  as  Devonian 

are  found. 

« 

The  Carboniferous  is  characterized  by  a  large  amount  of  limestone. 
So  far  as  known  only  the  upper  Carboniferous  appears  within  the 
CSrcle  quadrangle,  but  further  work  may  reveal  the  extension  into 
it  of  other  Carboniferous  formations  that  lie  just  beyond  its  eastern 
limit.  Deep-sea  conditions  prevailed  during  the  deposition  of  the 
upper  Carboniferous  and  fossils  are  abundant  in  its  limestones. 

The  Lower  Cretaceous  was  an  epoch  of  shale  and  sand  deposition, 
which  was  closed  by  extensive  mountain  making  and  abundant  in- 
trusion of  granitic  rocks  that  continued  till  the  end  of  the  Mesozoic. 
In  the  Rampart  country  the  Upper  Cretaceous  has  at  its  base  a 
conglomerate  composed  of  fragments  of  the  underlying  rocks  which 
are  regarded  as  in  part  Paleozoic  and  in  part  Lower  Cretaceous. 
The  Upper  Cretaceous,  therefore,  is  in  part  at  least  unconformable 
to  the  underlying  rocks.  Shore  conditions  are  indicated  in  the 
Charley  River  region  by  the  coarse  conglomeratic  rocks  regarded  as 
Upper  Cretaceous,  and  also  in  the  Rampart  country,  where  dicoty- 
ledonous leaves  and  ammonites  occur  in  close  association  in  the 
Upper  Cretaceous. 

The  Tertiary  rocks  include  clay,  sand,  and  lignites  with  abundant 
plant-bearing  beds  and  indicate  that  Tertiary  deposition  began  in  an 
area  of  low  relief  where  sluggish  streams,  lakes,  and  swamps  prevailed. 
The  later  conglomeratic  deposits,  which  are  probably  in  the  main  of 
fluviatile  origin,  indicate  a  change  of  conditions  that  resulted  finally 
in  the  rather  close  folding  of  many  areas  of  Tertiary  rocks. 

The  main  events  to  the  close  of  the  Tertiary  may  be  summarized 
as  follows:  Deposition  of  arenaceous,  argillaceous,  and  some  cal- 
careous beds  over  wide  areas;  consolidation,  elevation,  folding,  in- 
trusion of  granitic  rocks;  metamorphism;  erosion;  Ordovician,  Silu- 
rian, Devonian,  and  Carboniferous  deposition  during  which  much 
basic  material  became  interbedded  vnih  the  sediments  through  the 
agency  of  the  volcanic  phenomena  so  characteristic  of  the  Paleozoic ; 
Lower  Cretaceous  deposition;  abundant  granitic  intrusion  throughout 
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a  large  part  of  the  Mesozoic  eontinumg  till  the  eloee  of  the  Upper 
Cretaceous;  volcanic  phenomena  producing  rfayohtic,  daoitic,  and 
some  basaltic  rocks,  probably  accompanied  by  the  intrusion  of 
granitic  rocks  and  lasting  into  the  Tertiary  and  later;  depoaition, 
elevation,  and  folding  of  fresh-water  Tertiary  deposits. 

dbvelofmbut  of  thb  FRssBirr  sxtbfacb. 

The  jtaieau. — ^The  development  of  the  present  surface  during 
Pleistocene  and  Recent  time  has  been  complex  and  is  very  probably 
due  to  several  processes.  The  lithologic  character  of  the  older  for- 
mations indicates  that  during  periods  of  erosion  the  surface  became 
more  or  less  reduced  to  a  lowland  of  faint  relief,  and  probably  this 
has  been  the  history  of  the  portion  of  the  present  surface  known  as 
the  Yukon  Plateau.  This  plateau  was  described  on  pages  13-14  as 
the  uniform  level  above  which  extended  numerous  ridges  and  domes 
and  below  which  the  valley  systems  had  been  cut.  Its  elevation  is 
about  4,000  feet  near  the  heads  of  Goodpaster  and  Charley  rivers 
and  about  3,000  feet  in  the  vicinity  of  the  Yukon  and  Tanana.  It 
is  one  of  the  most  conspicuous  features  of  the  relief  in  the  interior 
of  the  Yukon-Tanana  region.  After  its  formation  it  was  uplifted 
to  its  present  altitude,  so  that  rejuvenation  of  the  streams  tributary 
to  the  Yukon  is  general,  and  narrow  canyons  of  the  lower  valleysi 
like  those  of  Birch  Creek,  Charley  River,  and  Fortymile  River,  are 
characteristic,  as  are  also  the  open  flat  valleys  that  form  the  upper 
portions  of  the  valleys  of  the  same  streams.  As  the  present  valley 
of  the  Yukon  has  been  intrenched  in  an  older  valley  floor,  so  the 
present  canyons  of  these  streams  have  been  cut  in  older  valley 
floors  whose  remnants  appear  as  well-developed  benches  along  their 
sides. 

On  the  lower  benches  gravels  are  still  present,  but  on  the  higher 
benches,  like  that  of  the  Seventymile,  500  feet  above  the  present 
stream,  no  gravels  were  observed.  There  seems  Uttle  doubt,  how- 
ever, that  this  bench  belongs  very  definitely  to  the  history  of  the 
Seventymile  Valley.  It  seems  most  reasonable  to  regard  the  still 
higher  general  level  of  the  plateau  as  having  been  developed  under 
former  drainage  conditions  and  as  having  later  been  elevated  and 
subjected  to  great  dissection,  just  as  the  benches  of  present  streams 
are  cut  by  minor  tributaries  into  many  fragments. 

The  larger  irregularities  of  the  surface  above  4,000  feet  are  due 
predonunantly  to  the  presence  of  the  more  resistant  igneous  rocks 
that  have  withstood  erosion.  Among  the  minor  details  of  form  are 
the  cirques,  U-shaped  valleys,  and  morainal  deposits  that  have 
already  been  described  as  products  of  local  gladation.     (See  p.  34.) 
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Step-^Mt  hills, — ^A  feature  that  is  very  common  in  portions  of  the 
area  was  briefly  described  as  follows  by  the  writer  ^  in  the  description 
of  the  Seventymile  drainage  area  in  1905: 

The  hills  rise  to  a  hd^t  of  2,500  feet  or  more  above  the  river  and  exhibit  beau- 
tifully preserved  rock-cut  benches  to  their  summitSy  which  are  flat  topped,  several 
acres  in  extent,  and  often  correspond  in  level  to  the  truncated  tops  of  neigjiboiing 
hills.  The  benches,  except  where  obscured  by  gulches,  can  be  traced  around  the 
hills;  they  are  especially  prominent  on  the  spun  and  occur  at  corresponding  levels. 
The  vertical  distance  between  the  steplike  benches  varies  from  a  few  feet  to  about 
50  feet,  the  rise  from  one  to  the  other  often  showing  an  outcrop  of  the  bedrock.  The 
rocks  comprising  this  area  are  highly  contorted  metamorphic  schists  and  graniilar 
intnudves.  Whatever  the  bedrock  or  its  attitude,  the  same  forms  have  been  devel- 
oped and  are  most  striking  features  of  the  landscape.  Similar  forms  were  observed 
in  other  localities  on  the  northern  side  of  the  Yukon-Tanana  country  but  nowhere 
exhibited  such  development  as  in  the  valley  of  the  Seventymile. 

Since  1905  similar  step-cut  hills  have  been  observed  in  different 
parts  of  the  Fairbanks  region,  where  they  are  most  prominently 
developed  at  4,000  to  5  000  feet  above  sea  level.  The  tnmcated 
domes,  the  many  benches  at  apparently  concordant  elevations  on 
the  spurs  of  the  ridges,  and  the  flat  passes  through  ridges  form 
perhaps  the  most  striking  topographic  detail  in  the  quadrangle. 

Under  present  conditions  there  seems  to  be  no  adequate  cause 
that  could  produce  such  uniform  results  at  approximately  concord- 
ant levels  over  widely  separated  areas  on  spurs  extending  in  dif- 
ferent directions. 

The  efficacy  of  ice  in  developing  fiats  in  portions  of  river  valleys 
has  been  noted,  and  it  is  very  probable  that  snow  banks  have,  to 
a  considerable  degree,  the  same  kind  of  efficiency  in  protecting  the 
surface  beneath  and  in  localizing  erosion  to  the  area  in  contact 
with  the  edge  of  the  snow  bank.  The  snow  could  thus  protect 
from  erosion  forms  ahready  present  and  might  even  accentuate  such 
forms.  The  snow  banks  lingering  in  the  angles  between  different 
slopes  would  localize  the  erosion  at  the  inner  edges  of  the  benches 
and  maintain  the  sharpness  of  angle  ahready  existing.  It  seems 
reasonable,  therefore,  to  conclude  that  the  forms  under  consideration 
were  produced  by  former  drainage  conditions  and  have  been  pro- 
tected and  even  kept  in  repair  by  snow  banks. 

GOLD  IN  THE  TUKON-TANANA  REGION. 

GBNEBAL  FEATT7BE8. 

The  Yukon-Tanana  region  has  been  known  chiefly  for  its  produc- 
tion of  placer  gold,  which  up  to  the  present  time  has  amounted  to 
approximately  $75,000,000.    Most  of  this  has  come  from  the  Fair- 

1  Prindle,  L.  M.,  The  gold  placers  of  the  Fortymile,  Biroh  Creek,  and  Fairhenki  resioos,  Aleakft:  BoD. 
U.  S.  OeoL  Survey  No.  351, 1906,  p.  ao. 
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banks  district,  the  other  chief  producing  areas  being  the  Fortymile, 
Circle,  and  Rampart  districts. 

Most  of  the  gold  of  the  Fortymile  district  and  all  that  of  the  Circle 
and  Fairbanks  districts  has  been  derived  from  areas  in  which  the 
Birch  Creek  schist  forms  the  bedrock.  Most  of  the  gold  of  the 
Rampart  district  has  been  derived  from  areas  where  Paleozoic  rocks 
form  the  bedrock.  Some  of  the  gold  found  on  streams  tributary  to 
the  Yukon  above  Circle  has  apparently  been  derived  from  quartz 
veins  in  Lower  Cretaceous  slates.  At  other  localities  in  this  region 
the  gold  has  been  derived  from  areas  of  Tertiary  auriferous  con- 
glomerates. 

In  the  Fortjnnile  district  gold  has  been  found  at  one  locality  in 
place  in  quartz  diorite  and  at  another  locality  in  Paleozoic  rocks 
close  to  the  contact  with  quartz  diorite.  Several  sedimentary  and 
igneous  formations  are  known  to  have  been  sources  of  placer  gold. 

The  origin  of  the  gold  is  indicated  by  the  fact  that  in  all  the  most 
productive  areas  igneous  intrusive  rocks  are  present  and  the  find- 
ing of  gold  in  bedrock  near  them  indicates  that  they  are  its  chief 
source. 

Placer  gold  is  found  in  bench  gravels  at  elevations  not  exceeding 
500  feet  above  the  present  streams  and  also  in  the  stream  gravels, 
where  it  is  almost  invariably  close  to  bedrock. 

GOLD  IK  BBBBOOK. 

Birck  Creek  schist, — ^The  occurrence  of  gold  in  the  Birch  Creek  schist 
has  been  studied  in  the  Fairbanks  district,  where  the  auriferous 
quartz  veins  range  from  small  stringers  to  veins  15  feet  or  more  in 
thickness.  The  richest  portion  of  the  veins  that  have  been  pros- 
pected, however,  is  as  a  rule  not  more  than  a  foot  thick.  The  veins 
strike  in  general  northeast  and  southwest,  about  parallel  with  the 
strike  of  the  country  rock.  They  are  generally  almost  vertical,  in 
places  parallel  with  and  in  places  cutting  the  structure  of  the  schist. 
The  auriferous  quartz  is  generally  white  and  opaque;  the  barren 
quartz  is  gray  and  glassy.  Most  of  the  gold  is  associated  with 
arsenopyrite  and  stibnite.  Other  associates  are  iron  pyrites,  limo- 
nite,  galena,  and  sphalerite.  Minerals  in  the  stream  gravels  that 
have  apparently  been  derived  from  similar  veins  are  cassiterite, 
wolframite,  and  bismuth. 

In  the  Birch  Creek  district,  on  Deadwood  Creek,  cassiterite  and 
wolframite  have  been  found  associated  with  gold  in  the  placers.  On 
Eagle  Creek  there  is  a  thin  vein  of  gold  in  mica  schist  associated  with 
some  quartz. 
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The  gold  found  in  quartz  veins  is  described  by  Brooks  ^  as  follows: 

A  general  wide  distribution  of  vein  quarts  is  attested  both  by  the  bedrock  expo- 
sures and  by  the  cbaiacter  of  the  fluvial  deposits.  This  quartz  is  very  frequently 
found  to  be  iron  stained,  and  one  naturally  turns  to  it  to  seek  a  souice  of  the  placa- 
gold.  There  is  but  little  direct  evidence  on  this  point.  The  presence  oi  pyrite- 
bearing  vein  quartz  in  the  auriferous  alluvium  is  a  diaracteristic  feature  of  these  de- 
posits. On  Eagle  Creek  a  4-foot  gold-bearing  quartz  vein  is  said  to  have  been  eciooun- 
tered  in  the  drift  mining,  but  the  writer  did  not  see  the  exposure,  as  the  drift  had 
caved  in.  A  specimen  of  the  quartz  showed  it  to  be  iron  stained  and  broken  by 
thin  seams  of  gold.  The  gold  of  the  adjacent  placer  was  angular  and  earned  mudi 
quartz.  A  mineralized  fracture  zone  about  8  inches  in  width  has  been  found  on  the 
upper  part  of  Deadwood  Creek.  Within  this  zone  the  schist  is  permeated  by  atsringer 
veins  carrying  pyrite  and  galena,  and  it  is  reported  to  carry  values  of  $6  in  gold  and 
$8  in  silver. 

Spurr '  reported  the  finding  of  gold-bearing  quartz  on  Haiiison  Creek.  He  descEibes 
the  occuirence  as  follows: 

''The  best  example  of  gold-bearing  quartz  found  in  the  gravel  is  a  ihomboidal 
block  of  quartz  schist,  about  4^  by  5  by  2  inches,  found  on  claim  91,  on  Nortli  Fock, 
about  three-quarters  of  a  mile  above  the  forks.  On  one  of  the  laiger  surfaces  of  this 
block  is  a  quartz  vein  which  is  richly  spotted  with  flakes  and  specks  of  gold,  cangiDg 
from  three-sixteenths  of  an  inch  in  diameter  to  mere  specks,  which  finally  become 
invisible  to  the  naked  eye." 

These  &cts  indicate  that  the  placer  gold  is  derived  from  zones  of  minecalizatiaa  in 
the  schist  series.  The  wide  distribution  of  the  placer  gold  is  not  a  frtvorable  indica- 
tion that  the  values  are  sufficiently  localized  in  the  bedrock  to  afford  commeixaal  ore 
bodies.  It  must  be  said,  however,  that  there  is  little  evidence  on  this  point,  and 
workable  lodes  may  yet  be  found  when  a  systematic  search  is  made. 

Paleozoic  rocks, — Placer  gold  in  Paleozoic  areas  has  been  found 
mainly  in  the  Rampart  district,  where  it  has  apparently  been  derived 
from  quartz  veins  in  carbonaceous  slates.  Cassiterite  is  commonly 
associated  with  the  gold  in  the  placers. 

In  the  Chicken  Creek  valley,  in  the  Fortymile  district,  gold  has 
been  found  in  small  calcite  veins  in  rocks  regarded  as  Paleozoic  close 
to  an  igneous  contact. 

On  creeks  tributary  to  the  Yukon  above  Circle,  Brooks  observed  a 
close  relation  between  the  alluvial  gold  and  Lower  Cretaceous  slates, 
describing  it  as  follows: ' 

The  rocks  exposed  along  the  Yukon  between  Eagle  and  Circle  do  not  anywhere 
include  any  of  the  older  schists,  such  as  are  associated  with  the  Birch  Creek  placers. 
In  fact,  over  much  of  this  belt  the  formations  are  slightly  altered  limestones,  abalee, 
slates,  and  conglomerates,  which  do  not  bear  evidence  of  mineralization  and  will  not 
attract  the  placer  miner.  Locally,  however,  some  of  these  rocks  are  mineralized  and 
contain  more  or  less  gold.  Thus  on  Nugget  Gulch,  a  tributary  of  Washington  Cre^, 
slates  of  Cretaceous  age  are  found  which  are  permeated  with  quartz  veins,  some  of 
which  must  yield  gold,  as  the  associated  alluviimi  is  auriferous.  The  writer  was  not 
able  to  study  this  locality,  but  it  appears  that  the  coarse  gold  occurs  in  small  patches 

1  Brooks.  A.  H.,  Bull.  U.  S.  Oool.  Sonrey  No.  314, 1907,  pp.  18»-190. 

•  Bpurr,  J.  £.,  Geology  of  the  Yukon  gold  dirtrict,  Alaska:  Eightaenth  Aim.  Rept.  U.  8.  Qeal.Siir««T, 
pt.8«U06,  pp.  853-354. 

*  Brooks,  A.  H.,  op.  clt.,  pp.  IW-UNl 
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QD  the  bedrock.  Hiis  occurrence,  though  probably  of  small  commercial  impMt,  baa  a 
far-reiching  aignificaiice^  as  it  indicates  that  there  baa  been  an  Intniaion  of  mineralized 
veiiu  since  theee  younger  rocks  were  deposited.  The  writer  is,  however,  of  the  opinion 
that  this  mineralisation  is  not  general  enou^  to  encourage  the  search  for  placen  where 
these  Cretaceous  slates  form  the  country  rock. 

Tertiary  rocks. — ^In  the  area  just  deBcribed  are  gold-bearing  stream 
yalleys  that  lie  entirely  in  areas  of  Tertiary  conglomerate,  indicating 
that  the  gold  was  present  either  in  the  conglomerate  or  in  some 
alluvial  deposit  that  may  have  overlain  the  conglomerate  and  may 
have  been  for  the  most  part  removed.  The  bowlders  mentioned  on 
page  33  include  vitreous  massive  quartzite  and  hard  Paleozoic  con- 
glomerate. Their  position  in  the  Tertiary  conglomerate  is  not  defi- 
nitely known.  Mining  has  shown  that  they  are  rather  common  in 
the  gravels  of  the  present  streams.  They  have  not  been  observed  by 
the  writer  except  near  the  summits  of  the  ridges  where  the  Tertiary 
conglomerate  occurs — that  is,  near  what  is  apparently  the  highest 
portion  of  the  conglomerate — and  in  these  positions  they  occur  only 
as  loose  bowlders  among  weathered  material,  so  that  it  was  impossible 
to  determine  whether  they  formed  a  constituent  of  the  conglomerate 
or  of  a  deposit  of  high  gravels  coarser  than  the  conglomerate.  How- 
ever, in  view  of  all  the  facts  available,  it  seems  probable  that  these 
bowldeiB  formed  a  part  of  the  conglomerate,  probably  about  its  highest 
part,  and  that  the  placer  gold  in  the  creeks  was  deposited  with  the 
gravels  of  the  conglomerate  rather  than  derived  from  a  bed  of  alluvial 
deposits  that  formerly  may  have  veneered  the  area  in  which  the 
placers  occur.  Nevertheless,  in  considering  the  origin  of  the  placer 
gold  the  possibility  of  its  derivation  from  high-lying  gravels  that  have 
in  part  been  removed  and  in  part  meiged  with  the  weathered  con- 
glomerate can  not  be  left  out  of  consideration.  As  more  detailed 
work  is  done  further  facts  bearing  on  the  problem  may  be  discovered. 

The  material  of  the  conglomerate  has  been  derived  from  the  older 
rocks,  which  have  in  places  been  auriferous.  It  would  be  perfectly 
natural,  therefore,  for  placer  gold  to  be  present  in  the  conglomerate, 
perhaps  irregularly  distributed  and  nowhere  concentrated  or  perhaps 
confined  to  some  particular  horizon.  However,  even  if  confined  to  a 
particular  horizon  it  was  probably  not  sufficiently  concentrated  to 
form  deposits  of  economic  importance. 

Igneous  rocks. — ^The  occurrence  of  gold  in  the  quartz  veins  and 
silicified  areas  in  the  quartz  diorites  of  Mosquito  Fork  has  already 
been  described.     (See  pp.  49-60.) 

Primary  source  of  gold  in  bedrock. — Igneous  rocks  are  present  in 
all  the  chief  placer-mining  districts  of  the  region  and  are  generally 
ck)Be  to  localities  where  gold  has  been  found  in  bedrock.  They  have 
been  active  agents  in  opening  the  rocks  to  the  influence  of  percolating 
8olutk)ns  and  have  supplied  heat  to  maintain  for  a  long  period  the 
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mobility  of  materials  by  keeping  them  in  solution.  The  hot  springs 
which  are  conmion  close  to  granitic  masses  in  different  parts  of  the 
Yukon-Tanana  region  indicate  the  long  continuance  of  the  heat  de- 
rived from  igneous  rocks.  The  point  might  be  raised  that  important 
placers  have  been  found  only  in  the  vicinity  of  small  areas  of  igneous 
rocks  and  not  around  large  areas  like  those  present  in  the  Circle 
quadrangle,  and  it  is  possible  that  the  conditions  for  deposition  are 
more  favorable  around  the  smaller  masses.  The  same  fact  has 
been  observed  in  California.^  The  most  important  mineralization 
apparently  took  place  in  the  later  part  of  the  Mesozoic  era. 

Placer  gold  occurs  in  bench  gravels  and  in  the  gravels  of  the  present 
streams.  The  bench  gravels  occur  at  elevations  not  exceeding  500 
feet  above  the  level  of  the  present  streams,  and  but  few  of  them  have 
been  found  rich  in  placer  gold.  Most  of  the  gold  is  found  in  the 
deposits  of  the  present  streams.  These  deposits  vary  greatly  in 
thickness.  Most  of  those  of  the  Fortymile  and  Circle  districts,  and 
a  part  of  the  Rampart  district,  are  comparatively  shallow,  and  most 
of  those  of  the  Fairbanks  district  are  deep,  some  of  them  measuring 
more  than  300  feet.  The  greatest  part  of  the  alluvial  deposits  are 
more  or  less  permanently  frozen,  in  places  to  depths  of  more  than 
300  feet,  but  the  distribution  of  frozen  ground  is  irregular,  depending 
on  drainage  conditions.  In  the  Ester  Valley,  in  the  Fairbanks 
district,  for  example,  about  100  feet  seems  to  be  the  limit  of  the 
frost;  below  that  level  a  large  amount  of  live  water  is  present  in  the 
gravels. 

The  stream  deposits  are  generally  separable  into  an  upper  layer 
of  fine  clayey  and  sandy  material  known  as  ''muck,''  an  intermediate 
bed  of  barren  gravel,  and  a  lower  bed  of  auriferous  gravel,  ranging 
from  a  few  inches  to  6  feet  or  more  in  thickness.  The  productive 
gravels  are  almost  invariably  next  to  bedrock.  Most  of  the  gold 
is  found  close  to  bedrock,  or,  where  this  is  blocky,  in  cracks  and 
crevices  to  a  depth  of  a  foot  or  even  3  feet  or  more.  The  width  over 
which  the  gold  is  found  in  sufficient  quantity  to  pay  for  working  under 
present  conditions  ranges  from  a  few  feet  in  the  narrow  valleys  to 
several  hundred  feet  in  some  parts  of  the  wider  valleys.  The  average 
width  for  the  Fairbanks  district  is  about  150  feet.  In  exceptional 
valleys,  like  that  of  Cleary  Creek  in  the  Fairbanks  country,  the 
productive  gravels  have  been  found  to  be  continuous  throughout 
the  length  of  the  valley. 

1  LIndgrai,  Wald«iiiar»TI»  Twtiwy  ptTdi  of  ttie  Bktn  Nerada  of  dUteiilA:  Pnrf.  Pftpv  U.  S.  QeoL 
Survey  No.  73, 1911,  p.  66. 
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The  bulk  of  the  gold  from  the  Circle  quadrangle  has  been  obtamed 
in  the  Birch  Creek  district.  A  small  amount  is  obtained  annually 
from  creeks  tributary  to  the  Yukon  above  Circle  and  a  little  has 
been  obtained  from  the  Seventymile,  Fortymile,  Salcha,  and  Chena 
drainage  areas. 

BntOH  O&BBK  BZST&ZOT. 


GENERAL  FEATURES. 

Since  its  discovery  in  1894  the  Birch  Creek  district  has  been  a 
continuous  producer  of  placer  gold.  It  has  held  its  own  in  spite 
of  discoveries  made  in  other  regions,  and  with  the  introduction  of 
new  methods  of  mining  it  is  still  maintaining  its  production.  The 
following  table  shows  its  annual  gold  production  from  1894  to  1911, 
inclusive,  and  the  amount  of  silver  contained  in  the  gold. 

Produetum  of  gold  and  iilverfrom  B«rcA  Creek  dietriet,  1894^1911, 


Gold. 

Sflvw. 

Y«r. 

Gold. 

SUVW. 

Year. 

Qiaattty. 

Vtlue. 

Quan- 
tity. 

ValoB. 

Qumttty. 

Vtlue. 

QaAD- 
ttty. 

Valus. 

I's's's'llSsI 

Fimowteet. 

483.75 

7,366.35 

33,863.50 

34,187.50 

19,3Sa00 

13,008.75 

13,003.75 

9,675.00 

9,675.00 

9,675.00 

$10^000 
150,000 
700,000 
500,600 
400^000 
3b0,000 
360,000 
300,000 
300^000 
300,000 

Fku 
mtmeta. 
133 
1,886 
8,794 
6,389 
5,0S1 
8,144 
3,144 
3,513 
3.513 
3,144 

$77 
1,836 
6,080 
8,773 
3,968 
1,886 
1,886 
1,507 
1,331 
1,606 

1904 

1906 

1906 

1907 

1008 

1909 

1910 

19U 

9,675.00 

9,675.00 

14,513.50 

9,675.00 

8,465.63 

10,884.37 

10,884.38 

16,031.36 

300,000 
300,000 
'300,000 
175,000 
336,000 
336,000 
860,000 

JFdw 
otmcer. 
3,144 
8,144 
8,773 
3,144 
3,313 
3,830 
3,830 
4,403 

81,838 
1,918 
3,565 
3,075 
1,166 
1,473 
1,538 
3,883 

wm 

339,065.63 

4,735,000 

58,914 

37,313 

The  creeks  of  economic  importance  in  the  Birch  Creek  district 
flow  from  the  ridge  between  the  valleys  of  Crooked  Creek  and  North 
Fork  of  Birch  Creek  and  include  tributaries  of  both.  The  principal 
gold-producing  creeks  tributary  to  Crooked  Creek  are  Deadwood, 
Mammoth,  Mastodon,  Independence,  and  Miller;  those  tributary 
to  Birch  Creek  are  Eagle  (with  its  tributary,  Mastodon  Fork)  and 
Harrison.  Several  other  creeks  have  produced  small  amounts  of 
gold. 

These  areas  have  been  visited  frequently  by  parties  from  the 
Geological  Survey  and  have  been  described  in  reports  named  in  the 
list  of  publications.  (See  pp.  10-11.)  These  reports  have  been  freely 
drawn  upon  in  the  preparation  of  the  following  description : 

Most  of  the  valleys  are  similar  in  development,  having  about  the 
same  length,  width,  and  grade  and  canying  about  the  same  amounts 
of  water.    Deadwood,  Mastodon,  and  Miller  valleys  are  all  limited 
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on  the  east  by  a  steep  slope  (PI.  XIII,  A),  dose  to  whose  base  the 
streams  flow  over  a  flat  having  a  TnaxiTniiin  width  of  a  few  hun- 
dred feet.  West  of  the  flat  is  a  gradually  rising  slope  more  or  less 
benched^  a  few  hundred  feet  to  a  quarter  of  a  mile  in  width,  which 
merges  with  the  gradually  sloping  ridges  that  form  the  west  sides 
of  the  valleys.  This  unsymmetrical  type  of  valley  is  very  common. 
On  some  crests  where  the  stream  gravels  have  been  worked  out 
mining  has  been  attempted  on  the  benched  slopes,  and  some  pro- 
'ductive  ground  has  been  found. 

All  the  placer  ground  is  within  areas  where  the  Birch  Creek  schist 
forms  the  bedrock.  Some  local  intrusions  of  porphyritic  biotite 
granite  and  a  few  basic  dikes  are  present. 

The  gravels,  which  are  composed  entirely  of  the  varieties  of  bed- 
rock outcropping  in  the  valleys,  consist  mostly  of  subangular  and 
angular  fragments  of  quartzite  schist  and  quartz-mica  schist  and 
considerable  vein  quartz.  Most  of  the  pieces  are  small,  not  exceeding 
a  foot  in  diameter,  and  are  mixed  with  finer  material  of  the  same 
nature.  The  proportion  of  bowlders  is  small.  The  thickness  of  the 
deposit  ranges  from  a  few  feet  to  30  feet,  but  where  most  of  the 
mining  has  been  done  generally  does  not  exceed  8  feet. 

The  gold  is  found  mostly  close  to  bedrock,  and  the  ground  has 
been  mined  to  a  width  of  over  200  feet.  Most  of  the  gold  is  rather 
fine,  the  coarsest  nuggets  found  weighing  only  3  to  4  ounces.  Con- 
siderable areas  have  yielded  about  25  cents  to  the  square  foot  of 
bedrock.  Other  areas,  however,  have  yielded  much  larger  amounts, 
and  in  1903  some  of  the  ground  was  reported  to  average  SI  to  S2 
to  the  square  foot.  The  average  value  of  the  gold  has  been  reported 
by  miners  to  be  SI 7.73  an  ounce.  That  from  Eagle  Creek  has  a 
somewhat  higher  value. 

FLAOSBS. 
DXABWOOP  OXXXZ. 

Deadwood  Creek,  which  is  about  20  miles  long,  heads  in  a  ridge 
over  3,000  feet  high  and  enters  Crooked  Creek  at  an  elevation  of 
less  than  1,000  feet.  Its  valley  is  divided  into  two  portions — an 
upper  narrow  portion  about  12  miles  long,  and  a  lower  portion 
about  8  miles  long,  where  the  valley  merges  in  that  of  Crooked 
Creek.  The  stream  flat,  which  in  places  is  several  hundred  feet 
wide,  is  close  against  the  steep  east  side  of  the  valley.  A  more  or  less 
well-defined  bench  with  a  maximum  width  of  several  hundred  feet 
rises  gradually  on  the  west  from  a  level  about  20  feet  above  the 
stream.  Switch  Creek,  the  most  important  tributary,  is  about  3 
miles  long  and  enters  Deadwood  Creek  through  a  narrow  V-shaped 
valley  about  3  miles  above  the  point  where  the  main  stream  leaves 
*he  hills. 
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The  bedrock  in  moBt  of  the  valley  is  rather  massive,  blocky  quartzite 
schist  and  quartzs^mica  schist.  The  rocks  show  minor  folding  and 
contain  numerous  small  quartz  stringers.  Intrusive  granite  is  very 
conspicuous  in  the  region  farther  east,  especially  on  Ketchimi 
Creek,  only  a  few  miles  east  of  Deadwood  Creek,  where  weathering 
has  carved  it  into  some  very  striking  pinnacled  forms.  On  Dead- 
wood  Creek  it  is  not  so  conspicuous,  but  forms  the  bedrock  for  about 
a  mile.     Near  the  mouth  of  the  vaUey  a  diabasic  dike  was  observed. 

The  gravels  are  composed  of  the  varieties  of  rock  mentioned. 
They  consist  of  subangular  fragments,  mostly  under  a  foot  in  cUameter, 
more  or  less  irregularly  arranged  in  much  finely  broken  material  of 
the  same  nature.  The  depth  to  bedrock  in  the  creek  ranges  from  3 
to  12  feet  and  on  the  bench  to  the  west,  so  far  as  known,  from  6  to 
20  feet.  The  gravels  in  the  creek  have  a  maximum  thickness  of 
about  8  feet  and  lie  beneath  a  generally  thin  overburden.  Some 
gold  is  found  through  the  whole  thickness  of  gravel,  but  most  of  it 
lies  close  to  bedrock  or  in  bedrock  to  a  depth  of  2  feet  or  more. 
Where  the  bedrock  is  massive  and  is  divided  into  blocks  through 
jointing,  gold  may  have  penetrated  to  a  depth  of  4  feet  along  the 
joint  planes.  The  width  of  the  pay  gravel  ranges  from  about  25  to 
300  feet,  the  average  being  175  feet.  The  average  tenor  of  the 
ground  for  the  entire  creek  is  said  to  have  been  about  25  cents  to  the 
square  foot  of  bedrock,  but  some  ground  has  averaged  much  more, 
50  cents  to  more  than  SI  per  square  foot  having  been  obtained. 
Little  is  known  of  the  extent  or  tenor  of  the  gravek  of  the  bench. 
In  a  few  places,  however,  gold  has  been  found,  and  at  one  locality 
it  was  reported  to  average  more  than  $1  to  the  cubic  yard  of  dirt 
moved.  Two  nuggets  worth  $8  and  $10  were  found.  The  gold  on 
the  creek  is  generally  flattened  and  at  the  entrance  of  the  valley  is 
rather  flaky;  the  largest  piece  recorded  was  valued  at  $122.  That 
found  on  the  bench  is  rougher  and  thicker. 

More  than  a  hundred  500-foot  claims  have  been  staked  on  Dead- 
wood  Creek  and  more  or  less  work  has  been  done  on  about  70  of 
these.  Gold  has  been  found  in  commercial  quantities  from  a  point 
about  a  mile  above  the  mouth  throughout  the  length  of  the  creek. 
Switch  Creek  also  carries  pay  gravel.  Nearly  all  the  mining  on 
Deadwood  Creek  has  been  done  by  small  operators  using  simple 
methods.  In  the  lower  mile  of  its  course,  where  its  valley  broadens 
and  gradually  merges  with  that  of  Crooked  Creek,  the  gold  is  more 
disseminated  and  is  not  susceptible  to  pn^table  exploitation  by  crude 
hand  methods.  This  part  of  the  field  is  worthy  of  careful  examina- 
tion by  those  looking  for  dredging  ground.  At  a  point  half  a  mile 
above  the  mouth  of  the  valley  the  depth  to  bedrock  is  only  10  feet. 
H  d|H  JM>t  seem  probable  that  the  bedrock  floor  slopes  more  than 
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25  feet  to  the  mile,  and  therefore  it  is  not  to  be  expected  that  the 
depth  to  bedrock  between  this  point  and  the  mouth  of  the  valley 
will  be  found  to  be  more  than  35  feet. 

Among  the  minerals  associated  with  the  gold  are  wolframite  and 
cassiterite.  The  occurrence  of  these  minerals  in  the  placer  deposits 
of  Deadwood  Creek  was  studied  in  1909  by  Johnson/  who  says: 

No  exposuree  of  the  wolframite  or  cftasiterite  in  place  were  seen.  A  small  wolfram- 
ite-bearing vein  was  reported  to  have  been  found  in  a  prospect  hole,  sank  while 
prospecting  the  high-bench  gravels  for  gold,  on  the  high  bench  west  of  Deadwood 
Greek,  near  the  junction  of  Deadwood  Greek  and  Discovery  Gulch.  At  the  time  of 
the  writer's  visit  this  prospect  hole  had  caved  in  and  was  flUed  with  water.  No 
wolframite  could  be  found  on  the  dump. 

Wolframite  and  cassiterite  occur  most  abundantly  in  the  placer  gravels  of  Dead- 
wood  Greek  a  short  distance  below  the  mouth  of  Discovery  Gulch.  Goncentiates 
coUected  from  the  sluice  boxes  here  are  composed  piincipaUy  of  these  two  minerals. 
Placer  wolframite  is  also  reported  from  Discovery  Gulch.  It  is  not  known  to  occur 
in  the  stream  gravels  of  Deadwood  Greek  above  the  mouth  of  this  gulch,  nor  has  any 
been  detected  in  the  examinations  of  the  concentrates  collected  above  this  point. 
It  is  not  known  whether  these  minerals  are  present  in  the  high-bench  gravels.  The 
placer  wolframite  is  found  on  aU  the  creek  claims  on  Deadwood  Greek  for  at  least  4 
miles  below  Discovery  Gulch,  but  it  is  not  as  plentiful  on  the  lower  claims  as  above 
the  mouth  of  Switch  Greek.  The  coaisest  and  most  abundant  wolframite  and  cassit- 
erite are  found  on  the  west  side  of  Deadwood  Greek,  a  short  distance  below  Discovery 
claim.  The  wolframite  occurs  in  water-worn  cleavage  fragments,  with  slightly  rounded 
edges.  The  color  and  streak  are  both  dark  brown.  The  laigest  piece  seen  measured 
1.7  by  0.8  by  0.8  inches,  but  pieces  three  times  as  laige  as  this  are  reported  to  have 
been  found.  The  laxgest  piece  of  cassiterite  observed  in  the  concentrates  measured 
1  by  three-fourths  by  one-half  inch.  Most  of  the  concentrates  coUected,  however, 
passed  through  an  8-mesh  sieve.' 

Goncentrates  from  several  claims  on  Deadwood  and  Switch  creeks  were  examined. 
Associated  with  the  gold  in  the  concentrates  were  found  wolframite,  cassiterite,  mag- 
netite, ilmenite,  arsenopyrite,  pyrite,  galena,  limonite,  garnet,  tourmaline,  and 
quarts.  Wolframite  was  not  detected  in  the  Switch  Greek  concentrates.  Gassiterite 
was  found  in  aU  the  concentrates  examined,  but  most  abundantly  in  those  from  Dead- 
wood  Greek  between  Discovery  Gulch  and  Switch  Greek.  Magnetite  was  very 
abundant  in  the  Deadwood  Greek  concentiates,  but  nearly  absent  from  those  coUected 
on  Switch  Greek.  The  sulphides — arsenopyrite,  pyrite,  and  galena — ^were  found 
prindpaUy  on  Switch  Greek. 

BOVLBSB  OmXSZ. 

Placer  gold  has  been  found  on  Greenhorn  Creek,  a  small  tributary  of 
Boulder  Creek.  The  ground  is  shallow,  but  lack  of  water  has 
prevented  mining. 

MAKMOTK  0] 


Mammoth  Creek  has  a  broad  flood  plain  100  to  500  yards  wide. 
The  bedrock  is  chiefly  schist  but  is  cut  by  a  continuation  of  the  gran- 
ite of  Kechum  and  Deadwood  creeks.    The  granite  forms  bowlders 

1  JohmoQ,  B.  L.,  Bull.  U.  8.  Owl.  Survey  No.  442, 1910,  pp.  a40-a48. 
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4  or  5  feet  in  maximum  diameter.  The  slope  of  the  bedrock  is  low. 
The  alluviimi  is  from  10  to  15  feet  deep,  most  of  it  being  about  10 
feet.  The  upper  2  to  3  feet  is  overburden.  The  gold  is  rather  fine 
and  is  reported  to  be  rather  imiformly  distributed. 


Considerable  gold  has  been  taken  out  of  Independence  Creek.  The 
yallej  floor  is  about  100  yards  wide  at  its  mouth,  but  narrows  sharply 
upstream.  The  distribution  of  productive  ground  appears  to  be 
irregular  and  to  swing  from  one  side  of  the  creek  to  the  other.  The 
gravels  are  from  3  to  9  feet  deep.  Some  well-defined  benches  are 
present. 

MASTODOV  O] 


The  headwaters  of  Mastodon  Creek  are  gathered  from  an  amphi- 
theatral  area  on  the  northern  slopes  of  Mastodon  Dome,  4,400  feet 
high,  about  7  miles  southwest  from  the  point  where  the  creek  enters 
Mammoth  Creek.  The  valley  is  bounded  by  even-topped  spurs, 
which  slope  gradually  in  a  direction  parallel  to  the  creek  at  an  altitude 
of  about  one-fourth  mile  above  it.  The  valley  is  unsymmetrical  in 
cross  section,  the  stream  in  its  lower  portion  flowing  near  the  steep 
ridge  on  the  east  and  being  bounded  on  the  west  by  a  bench  that 
rises  With  a  steep  grade  to  the  base  of  the  spur.  The  valley  floor  is 
about  400  yards  wide  at  its  mouth,  and  gradually  narrows  to  about 
200  yards  2  miles  above. 

Quartzite  schist  and  mica  schist  containing  many  small  quartz 
veins  are  the  most  common  varieties  of  bedrock.  Small  granitic 
dikes  also  occur.  The  strike  of  the  schistoeity  is  usually  across  the 
stream  and  the  dip  is  to  the  south. 

The  gravels  include  subangular  fragments  of  the  bedrock,  fine 
material  of  the  same  natiure,  and  some  sand  and  clay.  Much  of  the 
gravel  is  but  little  worn  and  its  arrangement  is  generally  more  or  less 
irregular.  The  average  depth  to  bedrock  is  10  or  12  feet,  the  maxi- 
mum about  20  feet.  In  some  places  muck,  which  attains  a  thickness 
of  about  4  feet,  lies  on  top  of  the  gravels.  The  maximum  of  over- 
burden is  about  7  feet.  In  some  places  the  gold  is  scattered  through 
the  gravel  and  in  others  it  lies  close  to  bedrock  or  a  few  feet  within  it. 
It  is  generally  rather  fine,  the  coarsest  piece  found  thus  far  weighing 
only  3  or  4  ounces.  It  is  reported  to  assay  from  $17.35  to  $17.38  per 
ounce.  Some  of  the  ground  averages  $2  to  $3  a  cubic  yard  and  some 
of  it  is  considerably  richer.  The  lowest  2  miles  of  the  valley  is  the 
richest  portion  and  contains  the  largest  body  of  productive  gravels, 
which  attain  in  places  a  width  of  200  feet. 
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The  valley  of  Miller  Creek  is  similar  in  its  essential  features  to  that 
of  Mastodon  Creek.  The  uns3rmmetrical  character  is  particulariy 
well  developed,  the  steep  east  side  of  the  valley  so  overshadowing  the 
upper  portion  of  the  creek  that  the  ice  lingers  there  till  late  in  the 
season  and  prevents  Tnining  operations. 

The  bedrock  consists  of  quartzite  and  quartzite  schist  veined  with 
quartz.  Granitic  dikes  occur  on  the  divide  between  Miller  and  Eagle 
creeks.  The  gravels  are  similar  in  character  and  arrangement  to 
those  on  Mastodon  Creek.  The  depth  to  bedrock  varies  from  8  to  16 
feet,  of  which  4  to  8  feet  is  overbturden.  •  In  a  few  places  a  clay,  which 
has  been  found  to  be  as  much  as  3  feet  in  thickness,  intervenes 
between  the  gravels  and  bedrock  and  contains  most  of  the  gold. 

The  gold  is  about  the  same  as  that  of  Mastodon  Creek.  Pieces 
weighing  an  ounce  have  been  found,  but  most  of  it  is  rather  fine.  That 
near  the  head  of  the  creek  is  rough.  The  gold  is  scattered  through 
several  feet  of  gravel  over  a  maximum  width  of  about  50  feet.  Some 
of  the  ground  has  averaged  about  SI  .20  to  the  cubic  yard.  The  creek 
has  never  been  a  large  producer  but  has  been  worked  more  or  less 
continuously  since  1895. 


Two  small  streams,  Mastodon  and  Miller  forks,  unite  to  form  Eagle 
Creek,  a  tributary  of  Birch  Creek.  Mastodon  Fork  heads  on  the 
northwest  slope  of  Mastodon  Dome  and  flows  through  a  narrow 
V-shaped  valley  about  3  miles  long  to  Miller  Fork.  The  bedrock  and 
gravels  are  similar  to  those  of  the  other  creeks  described.  As  on 
Miller  Creek,  clay  is  in  many  places  found  next  to  the  bedrock  of 
quartzite  schist.  The  depth  to  bedrock  ranges  from  8  to  10  feet  or 
more,  there  being  in  some  places  3  to  4  feet  of  overburden  and  4  to  5 
feet  of  productive  gravels.  Where  clay  occurs  along  with  the  gravels, 
much  of  the  gold  is  found  in  seams  in  the  day  a  few  inches  above 
bedrock.  It  is  also  found  in  the  bedrock  to  a  depth  of  3  feet. 
The  gold  is  said  to  occur  irregularly  on  the  creek.  Some  ground 
has  been  very  good  and  has  yielded  from  $2  to  S4  a  cubic  yard. 
Much  of  the  gold  is  coarse.  A  flat  nugget  found  during  the  season 
of  1903  was  2  by  1^  inches  in  size  and  weighed  2i  ounces;  some  quartz 
was  attached,  and  the  nugget  appeared  to  have  been  derived  from  a 
seam  iq  the  bedrock. 

Eagle  Creek  is  about  4  miles  long.  The  valley  widens  sharply 
below  the  jimction  of  the  forks  to  one-fourth  mile  or  more.  Work 
has  been  done  for  about  2  miles  below  the  junction.  The  depth  to 
bedrock  ranges  from  14  to  18  feet.    The  bedrock  and  gravels  are 
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similar  to  those  on  other  creeks.  There  is  about  6  feet  of  overburden^ 
and  gold,  ranging  from  50  cents  to  over  $2  a  square  foot  of  bedrock, 
has  been  found  in  about  6  feet  of  gravel  over  a  width  of  30  to  80  feet. 
Some  of  the  gold  is  coarse,  one  piece  worth  $74  having  been  found. 
The  grade  of  the  gold  of  Eagle  Creek  and  Mastodon  Fork  is  the  highest 
found  in  the  Birch  Creek  district. 


Brooks  *  describes  Harrison  Creek  substantially  as  follows: 

Gold  was  found  on  Squaw  Gulch,  a  tributary  of  Harrison  Creek,  as 
early  as  1894,  and  considerable  work  was  done  on  the  main  stream 
up  to  1896.  As  no  high  values  were  found,  Harrison  Creek  was  neg- 
lected for  richer  placers,  and  it  is  only  within  the  last  few  years  that 
the  problem  of  working  its  relatively  low-grade  deposits  has  been 
seriously  considered. 

The  creek  has  two  forks.  North  and  South,  on  both  of  which  gold 
has  been  found,  but  only  the  former  is  now  being  developed.  One  of 
the  first  discoveries  of  gold  in  the  basin  was  at  Pitkas  Bar,  at  the 
junction  of  the  forks. 

Only  the  upper  part  of  North  Fork  was  visited.  The  flat  valley 
floor  is  200  to  300  yards  wide.  There  is  a  steep  slope  on  the  south 
side,  but  on  the  north  the  slope  rises  more  gently  and  is  deeply  covered 
with  talus.  There  are  no  excavations  in  this  slope,  and  no  topo- 
graphic evidence  of  benches  was  noted,  but  it  seems  possible  that 
benches  may  exist  beneath  the  slide  material.  Farther  downstream 
the  valley  gradually  contracts  and  it  is  said  to  become  a  steep-walled 
canyon  before  it  joins  South  Fork,  whose  valley  is  somewhat  broader 
and  appears  to  be  more  symmetrical.  From  the  junction  the  valley 
continues  to  broaden  until  it  merges  with  the  Birch  Creek  valley  12 
miles  below. 

The  bedrock  on  North  Fork  is  probably  chiefly  quartz-mica  schist, 
but  the  occurrence  of  some  pebbles  of  granite  in  the  alluvium  indi- 
cates the  presence  of  that  rock  within  the  basin.  Few  bedrock  expo- 
sures were  seen,  but  the  character  of  the  alluvium  indicates  that  the 
scbists  are  cut  by  numerous  quartz  veins,  many  of  which  are  stained 
with  iron,  indicating  mineralization.  A  slab  of  schist  cut  by  a  gold- 
bearing  quartz  vein  was  found  near  the  forks.' 

Just  above  the  canyon  the  depth  to  bedrock  is  said  to  be  20  feet. 
Six  or  seven  miles  above,  near  Discovery  claim,  the  depth  is  8  to  9 
feet  on  the  north  side  of  the  valley  near  the  center  and  only  3  or  4  feet 
near  the  south  wall.    A  mile  or  more  still  farther  upstream  the  depth 

'  BuU.  n.  S.  Oeol.  Survey  No.  314, 1907,  pp.  19&-107. 

*  Spurr,  J.  E.y  Oeology  of  the  Yukon  gold  district,  Alaaka:  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey, 
Pt.  3, 18B8,  pp.  863-^54. 
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is  8  to  12  feet.  In  this  part  of  the  valley  the  grade  of  the  stream  and 
of  the  bedrock  floor  is  probably  about  75  to  100  feet  to  the  mile. 
Although  no  accurate  data  are  available,  the  reconnaissance  maps 
indicate  that  about  the  same  grade  continues  throughout  the  basiiL 

Well-rounded  gravels  characterize  the  alluvial  deposits  so  far  as 
seen.  Bowlders  more  than  2  feet  in  diameter  are  uncommon,  Uiough 
some  measuring  3  feet  were  observed.  Much  the  greater  part  of  the 
material  is  schist,  with  some  quartz  and  a  little  granite.  The  gravels 
are  well  stratified,  are  loose,  and  so  far  as  known  are  not  frozen. 
Their  condition  has  prevented  the  creek  from  being  thoroughly 
prospected,  because  the  water  flows  in  the  gravel  throughout  the 
year. 

Little  turf  or  muck  rests  on  the  gravels,  and  the  whole  section  is 
in  most  places  made  up  largely  of  sand  and  gravel  Most  of  the  bed- 
rock is  weathered  and  is  broken  by  seams  of  clay,  a  secondary  prod- 
uct, but  so  far  as  seen  by  the  writer  there  is  no  well-defined  stratum 
on  the  bedrock  at  the  base  of  the  gravda. 

The  gravels  of  both  forks  are  known  to  be  more  or  less  auriferous. 
At  a  number  of  localities  some  gold  has  been  mined  by  pick  and 
shovel,  but  the  tenor  of  the  gravels,  so  far  as  determined,  is  too  low 
to  pay  for  working  by  this  method.  It  is  reported  that  as  high  as  $5 
a  day  has  been  made  on  this  creek.  The  gold  appears  to  be  rather 
evenly  distributed  both  horizontally  and  vertically.  There  is,  how- 
ever, a  marked  concentration  in  the  lower  3  to  5  feet  of  the  gravels, 
and  much  of  the  weathered  schist  carries  gold  to  a  depth  of  1  to  2  feet. 
The  gold  is  fine,  flaky,  and  bright-colored.  The  largest  nugget 
reported,  with  a  value  of  $4,  was  found  on  the  upper  part  of  the 
creek.  There  has  not  been  sufficient  prospecting  to  determine  the 
value  of  any  considerable  body  of  gravel;  5,  10,  and  30  cent  pans  are 
reported  from  bedrock,  but  these  of  course  can  not  be  considered  an 
average.  Near  the  Discovery  claim  13  pans  taken  from  gravel  near 
bedrock  are  said  to  have  yielded  about  $1  worth  of  gold.  Consider- 
able garnet  and  pyrite  occur  with  the  concentrates. 

MINING    DEVELOPMENT. 

Mining  in  the  Birch  Creek  district,  on  account  of  the  comparative 
shallowness  of  the  alluvial  deposits,  has  been  carried  on  almost 
entirely  by  open  cuts  and  shoveling  into  sluice  boxes.  Modifications 
of  this  method  have  from  time  to  time  been  introduced.  Automatic 
dams,  for  example,  are  used  on  some  of  the  creeks.  The  use  of  bot- 
tomless scrapers  for  removing  the  overburden  and  bringing  the  gravel 
to  the  boxes  has  been  employed  with  success,  notably  on  Mastodon 
Creek.  Summer  work  can  be  carried  on  ordinarily  from  about  the 
middle  of  May  to  the  middle  of  September.    A  small  amount  of 
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ground  is  deep  enough  for  drifting,  and  this  method  is  employed  to 
a  small  extent  during  the  winter. 

In  1903  the  first  power  plants  were  used,  and  later,  with  the  con- 
struction of  ditches,  the  hydraulic  method  was  introduced.  (See 
PI.  XIII,  B,  p.  60.)  This  method  has  been  found  successful  and, 
with  modifications  made  necessary  by  the  low  grade  of  the  creeks,  is 
being  rapidly  extended  wherever  the  conditions  will  permit.  The 
process  employed  on  Mammoth  Creek  is  described  by  Ellsworth  ^  as 
follows: 

Mammoth  Greek  has  a  very  low  grade,  and  in  order  to  overcome  this  difficulty  a 
plant  was  installed  which  is  novel  in  Alaska  but  is  identical  in  principle  to  the  one 
installed  on  Eagle  Creek  in  1908.  The  general  plan  of  operation  is  as  follows:  First, 
a  bedrock  drain  is  excavated  to  dispose  of  the  water  in  the  cut  and  to  carry  away  the 
overlying  muck,  which  is  hydraulicked  off  from  the  gravels  to  be  handled  by  the  first 
set-up.  A  channel  is  then  groundslidced  back  of  and  above  the  cut  and  opposite  the 
hydraulic  giants.  In  this  channel  substantially  constructed  sluice  boxes  (with  block 
riffles),  similar  in  design  to  those  ordinarily  used  in  hydraulicking,  are  set  up  with  a 
grade  depending  on  the  character  of  the  gravels  to  be  washed .  A  sheet-iron  back  stop 
about  10  feet  high  is  then  erected  back  of  and  against  the  boxes.  The  auriferous 
gravels  are  driven  directly  by  the  water  from  the  nozzles  of  the  giants  against  the  back 
stop,  from  which  they  drop  into  the  sluice  boxes.  A  gravel  incline  is  formed  in  front 
of  the  boxes  by  the  stream  of  water  as  soon  as  operations  are  begun,  and  for  this  reason 
the  force  of  the  moving  gravel  is  not  expended  against  the  sides  of  the  boxes.  The 
water  for  transporting  and  washing  the  gravel,  after  it  is  dropped  into  the  boxes,  is 
diverted  from  the  creek  about  1  mile  above  and  carried  in  a  ditch  to  the  head  of  the 
eluice  and  after  passing  through  is  carried  away  in  the  bedrock  drain.  The  tailings 
which  accumulate  at  the  end  of  the  sluice  are  ''piped  "  back  out  of  the  way  by  a  sepa- 
rate giant  set  up  at  any  convenient  place.  It  is  not  ordinarily  necessary  to  operate 
this  giant  continuously.  The  frequency  with  which  the  tailings  have  to  be  moved 
depends  on  the  dumping  room  at  the  end  of  the  boxes  and  the  rate  at  which  the  gravel 
IB  being  moved.  This  process  does,  however,  require  a  quantity  of  water  which  should 
be  taken  into  account  in  considering  the  supply  necessary  for  such  a  system. 

This  method  is  especially  adapted  to  working  creek  deposits  with  medium  depths 
of  gravel,  where  the  slope  of  the  bedrock  is  insufficient  to  permit  the  removal  of  the 
tailings  by  gravity.  It  has  several  advantages  over  elevatoiv.  The  initial  expense 
is  less  and  the  water  required  is  less.  No  such  heavy  parts  are  required,  which  is  an 
important  item,  especially  in  the  more  remote  districts,  where  transportation  is  always 
expensive  and  often  uncertain.  The  cost  of  set-ups  is  not  as  great  and  the  chances  of 
delay  incident  to  repairs  and  replacement  of  parts  are  no  greater  than  in  ordinary 
hydraulicking. 

1  EUiworth,  C.  E.,  BaU.  U.  8.  Oeol.  Surrey  No.  442, 1910,  p.  237. 
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WATER   SUPPLY   OP  THE   CIRCLE   DISTRICT. 

By  C.  E.  Ellsworth  and  6.  L.  Parkbr. 
QAanra  btatiovb  aitd  MEASUBnra  ponrxs. 

Gaging  stations  were  maintained  or  discharge  measurements  made 
in  1910  in  the  Circle  district  at  the  following  places: 

Oaging  stations  and  measuring  points  tn  CircU  district^  1910. 

Birch  Creek  drainage  basin: 

Birch  Creek  below  Clums  Fork. 

Birch  Creek  at  Fourteenmile  House. 

Fryingpan  Creek  below  forks. 

Great  Unknown  Creek  near  mouth. 

Clums  Fork  at  mouth. 

McLean  Creek  at  mouth. 

North  Fork  of  Birch  Creek  drainage  basin: 

North  Fork  of  Birch  Creek  above  Twelvemile  Creek. 

Ptarmigan  Creek  at  mouth. 

Golddust  Creek  4^  miles  above  mouth. 

Butte  Creek  at  mouth. 

Bear  Creek  at  mouth. 

Twelvemile  Creek  at  mouth. 

East  Fork  of  Twelvemile  Creek  at  mouth. 
Crooked  Creek  drainage  basin: 

Crooked  Creek  at  Central  House. 

Porcupine  Creek  above  ditch. 

Porcupine  Creek  below  Bonanza  Creek. 

Bonanza  Creek  above  ditch  intake. 

Mammoth  Creek  at  Miller  House. 

Mammoth  Creek  ditch  at  intake. 

Independence  Creek  at  mouth. 

Miller  Creek  at  claim  ''No.  6  above. " 

Miller  Creek  at  mouth. 

Boulder  Creek  at  trail  crossing. 

Deadwood  Creek  above  Switch  Creek. 
Preacher  Creek  drainage  basin: 

Preacher  Creek  above  Bachelor  Creek. 

Bachelor  Creek  below  Costa  Fork. 

Bachelor  Creek  at  mouth. 

Costa  Fork  at  mouth. 
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BIBOK  OaXKK  S&AXVAGB  BASZV. 

Birch  Creek  flows  into  Yukon  River  almost  exactly  on  the  Arctic 
Circle  and  about  25  miles  directly  west  of  Fort  Yukon.  Its  mouth 
is  about  5  miles  west  of  the  confluence  of  Chandalar  River  with  the 
Yukon. 

The  drainage  comes  almost  entirely  from  the  south  and  west 
through  a  complex  system  of  watercourses,  and  in  outline  the  basin 
is  extremely  unsymmetrical.  The  headwaters  interlock  with  those 
of  Little  Chena  and  Chatanika  rivers  and  flow  east  for  about  60  miles 
to  the  junction  of  the  South  Fork,  where  the  stream  makes  an  abrupt 
turn  northward.  About  12  miles  beyond  this  point  it  leaves  the 
mountainous  country  and  enters  the  lowlands  of  the  Yukon,  through 
which  it  sluggishly  flows  in  a  meandering  channel  for  over  100  miles, 
roughly  paralleling  the  Yukon  at  a  distance  varying  from  10  to  20 
miles. 

The  principal  tributaries  are  Clums  Fork  and  South  Fork  from  the 
south  and  east  and  North  Fork  and  Harrison,  Crooked,  and  Preacher 
creeks  from  the  north  and  west.  The  headwaters  of  South  Fork  rise 
opposite  those  of  Salcha  and  Charley  rivers. 

Monthly  discharge  of  Birch  Creek  at  Fourteenmile  Hoiuefor  1908  to  1910. 

[Drainage  area,  2,150  square  miles.] 


Month. 


1906. 

JuDe2fr-30 

July 

August 

September  1-29 

The  period,  96  days. 

1909. 

May  15-31 

June 

July 

August 

September 

October  1-2 

The  i)eriod,  141  days 

1910. 

May  13-31 

Juae 

July 

Auf^t 

September 

October  1-6 

The  period,  147  days 


Discharge  in  second-feet. 


Maximum. 


1,190 
2,630 
1,620 
6,070 


6,070 


9,970 
8,640 
8,280 
3,020 
960 
792 


9.970 


0,620 
6,000 
6,4(K) 
1,880 
3,280 
1.140 


6,620 


Minlmom. 


1,020 
847 
825 
900 


825 


3,320 
1,860 
960 
974 
730 
792 


730 


3,200 
1,160 
551 
432 
1  040 
1,080 


432 


Mean. 


1,090 
1,140 
1,060 
2,150 


1,423 


5,930 
3,410 
2,200 
1,830 
799 
792 


Mean  per 

square 

mile. 


2,510 


4,790 
2,500 
1,430 
950 
1.620 
1,090 


2,010 


0.507 
.530 
.502 

1.00 


1.48 


2.76 
1.59 
1.02 
.851 
.372 
.368 


1.17 


Run-off 

(depth  in 

inches  on 

drainage 

area). 


2.23 
1.16 
.665 
.442 
.753 
.507 


.935 


0.09 
.61 
.58 

1.08 


2.36 


1.74 

1.77 

1.18 

.98 

.42 

.03 


6.12 


1.58 
1.29 
.77 
.51 
.84 
.11 


6.10 
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MoTithly  discharge^  in  9econd-/eetj  o/BMi  Creek  and  Fryingpan  Cral/or  1910. 


1. 
2. 
3. 

4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28, 
2J. 
30. 
31. 


Day. 


Mean 

Mean  per  square 
mile 

Run-off  (depth  in 
Incheson  drain- 
age area) 


Biivh  Creek  below 
Qums  For|k«  (drain- 
age area,  600  square 
miles). 


June. 


518 
566 
2,030 

2,610 

2,0()0 

1,420 

848 

604 

604 
529 
462 
383 
374 

400 

2,080 

1,100 

733 

467 

378 
344 

396 
1,150 
1,680 


971 
1.62 

1.38 


July. 

Aug. 

1,010 

550 

601 

424 

391 

353 

296 

272 

2,610 

237 

1,370 

.  220 

816 

188 

539 

175 

409 

164 

349 

147 

296 

147 

284 

142 

307 

125 

258 

120 

207 

123 

169 

120 

161 

125 

276 

357 

409 

1,710 

296 

1,130 

233 

720 

227 

577 

209 

539 

550 

457 

561 

572 

353 

783 

276 

745 

233 

835 

194 

696 

340 

599 

752 

524 

485 

448 

0.808 

0.747 

0.98 

0.86 

Sept 


457 
508 
487 

497 

tutu 
ODD 

881 
684 
593 
539 
497 

477 
438 
396 
424 
1,810 

1,860 
l,7t30 
1,560 
1,230 
848 

783 
649 
593 
561 
577 

599 
561 
555 
524 
438 


748 
1.25 

1.40 


BIndi  Creek  at  Foortaemnila  House  » 
(drainage  area,  2,150  square  miles). 


May. 


3,810 
4,2tV) 
5,240 

6,120 
6,070 

5,020 
4,540 

4,260 
4,210 
4,370 
4,730 
6,140 

6,620 
6,000 
3,670 
3,370 
3,200 
3,400 


4,790 
2.23 

1.58 


June. 


4,070 
3,370 
2,900 
2,810 
2,420 

2,190 
1,840 
1,590 
1,480 
2,040 

3,950 
6,000 
4,920 
2,960 
2,260 

1,930 
1,680 
1,600 
1,460 
1,370 

1,280 
1,560 
3,320 
2,440 
1,460 

1,250 
1,160 
1,710 
4,110 
3,900 


2,600 
1.16 

1.29 


July. 


3,690 
2,860 
2,070 
1,6S0 
1,610 

5,460 
3,060 

2,3eo 

1,810 
1,200 

1,030 
968 
900 
830 
760 

090 
620 
551 
952 
1,200 

920 
808 
770 
808 
1,120 

1,200 

1,020 

830 

no 

770 
936 


1,430 
0.665 

0.77 


Aug. 


1,680 

1,430 

1,200 

984 

756 

735 
648 
587 
605 
648 

623 
575 
527 
471 
460 

432 
432 
449 

605 
1,880 

1,550 
1,360 
1,180 
9fX) 
1,000 

1,230 
1,410 
1,380 
1,300 
1,230 
1,120 


950 
ia442 

a  51 


Sept 


1,040 
1,180 
1,430 
1,410 
1,380 

1,650 
1,680 
1,550 
1,380 
1,250 

1,200 
1,200 
1,120 
1,140 
1,180 

2,840 
3,280 
3,220 
2,800 
2,320 

1,780 
1,510 
1,430 
1,410 
1,380 

1,410 
1,450 
1,430 
1,320 
1,200 


1,620 
0.753 

a84 


Oct 


1,140 
1,QB0 
1,080 
1,080 
1,080 

1,080 


FiTingpsn  Cmi 

beuv  tu  lorb : 

(drsina^sFea, 

15.9  sqosre  milt*:. 


Jane..  July 


Au: 


:. 


5.4 
11.2 
17.0 

15.2 
1X6 
12.0 
ia5 
8.9 

7.8 
5.7 
5.4 
5.1 
4.9 

7.2 
8.8 
6.8 
6.0 
5.3 

5.1 
5.1 
5.3 
5.2 
9.0 


:i 


6.: 

5.8 
5-2 
4.9 
6lT 

&5 
5.4 

4.9 
4.8 
4.5 

5.7 
5.2 
7.2 
5.8 
&4 

4.9 
4.3 
6.5 
5.^ 
5.3 

5.4 

5.S 
6.0 
&3 

5.7 

17  1 
16! 
2.5 
2.5 
U.0 
7.6 


1,090 
ia507 

an 


8.09 
to.  509 


a44 


5.50     I' 


aM6 


a4o 


aH 


ais 


•  The  discharges  of  Birch  Greek  below  Clums  Fork  are  based  on  a  well-deOned  ratinf  carre  b^  ^^^ 
seoond-feet.  A  bove  700  second-feet  the  curve  was  extended  by  meaiu  of  the  area  and  vebeity  earw,  ^  • 
it  is  believed  to  represent  the  true  relation  of  gaee  height  to  discharge  up  to  2,000  seoottd4wt. 

b  The  discharges  of  Birch  Oeek  at  Fourteenmile  House  are  based  on  a  rating  curve  well  defined  betvees 
500  and  2,300  second-f^t. 

c  The  discharges  of  Fryingpan  Creek  are  based  on  a  rating  curve  well  defined  between  2.5  end  5.5 sens  - 
feet 

Miscellaneous  measurements  in  Birch  Creek  drainage  basin  in  1910. 


Data. 


July  26 

July  25 

Do 


Stream  and  locality. 


Great  Unknown  Creek  near  month 

Clums  Fork  iit  month 

McLean  Creek  at  mouth 


Drainage 
area. 


8q. 


mi  let. 
41.2 
172 
15.4 


!  DiKtai^ 

Discharge.  iP«  *<"»•'' 

mile- 


See.-fi. 
16.7 
118 
3.0 


5«.-A 


G  4T 
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HOftTB  FORK  07  BIRCH  CBXEK  DHAHrAQE  BASTK. 

Eagle  and  Ptarmigan  creeks,  whose  headwaters  are  opposite  those 
of  Crooked  Creek,  join  to  form  North  Fork  of  Birch  Creek.  Below 
the  junction  North  Fork  flows  southwestward  for  about  7  miles  to  the 
mouth  of  Twelvemile  Creek,  whence  it  flows  southward  for  about  8 
miles  and  unites  with  Harrington  Fork  to  form  Birch  Creek  proper, 
which  flows  east  to  its  confluence  with  South  Fork,  a  distance  of 
approximately  45  miles. 

Named  from  the  head,  the  main  tributaries  from  the  north  are 
Fish,  Bear,  and  Twelvemile  creeks.  From  the  south,  in  the  same 
order,  Golddust  and  Butte  creeks  are  the  only  important  streams. 

MucelUmeous  measurements  in  North  Fork  of  Birch  Creek  drainage  basin  in  1910, 


Date. 


July  28. 

Do. 
Julr  27. 
Jul'v  2S. 

Do. 
Jalv  13. 
July  28. 
June  9. 
July  13. 
July  28. 


Stream  and  locality. 


North  Fork  of  Birch  Creek  above  Twelvemile 
Creek. 

Ptarmigan  Creek  at  moath 

Golddust  Creek  4\  miles  above  moath 

Biitte  Creek  at  mouth 

Bear  Creek  at  mouth 

Twelvemile  Creek  at  mouth 

do 

East  Fork  of  Twelvemile  Creek  at  mouth 

do 

do 


Drainage 
area. 

Discharge. 

Sq.  milts. 

8ec.-ft. 

87.1 

55 

19.0 

15.0 

9.5 

8.6 

9.2 

2.2 

12.4 

6.7 

44.5 

18.9 

44.5 

14.6 

22.9 

60.0 

22.0 

7.4 

22.9 

0.2 

Discharge 

per  square 

mile. 


See.'ft. 
0.63 

.79 
.00 
.24 
.54 
.42 
.33 
2. 62 
.82 
.40 


CSOOXSD  OBBSK  SKAINAQE  BASIV. 

Crooked  Creek,  which  is  formed  by  the  junction  of  Manmioth  and 
Porcupine  creeks,  meanders  through  a  rather  broad  valley  for  about 
30  miles  and  discharges  its  waters  into  Birch  Creek  about  10  miles 
above  Fourteenmile  House.  Not  far  below  Central  House  the  valley 
loses  its  identity  in  the  flats  of  Birch  Creek. 

Mastodon  and  Independence  creeks  unite  to  form  Manmioth  Creek^ 
which  receives  Miller  Creek  from  the  west  about  2  miles  below  this 
junction.  The  total  length  of  the  portion  of  the  stream  called  Mam- 
moth Creek  is  less  than  4  miles. 

Deadwood  and  Boulder  creeks  are  tributaries  from  the  south, 
below  and  above  Central  House,  respectively.  They  follow  parallel 
courses  about  3  miles  apart,  with  a  length  of  about  18  miles. 

Albert  Creek,  the  principal  tributary  from  the  north,  drains  the 
couthem  slope  of  the  Crazy  Mountains. 
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Daily  diMharge,  in  necond-feet^  of  Crooked^  PorcupiTUf  and  Bonanza  creeks/or  1910. 


Day. 

Crooked  Creek  at  Cen- 
tral Houses  (drain- 
age area,  161  square 
miles). 

Porcupine 

Creek  6 
above  ditoh 

intake 

(drainage 

area,  17.8 

square 

miles). 

Porcupine  Creek    below    Bo- 
nanza    Creek  c     (drainage 
area,  39.9  square  miles). 

Bonanza 
Creek* 
above  ditch 

intake 

(drainage 

area,  7.9 

square 

mites). 

May. 

June. 

July. 

Aug. 

July. 

Aug. 

May. 

June. 

July. 

Aug. 

Sept. 

June. 

July. 

1 

139 
173 
225 
234 
126 

139 
112 
102 
91 
300 

2.V} 
212 
173 
139 
112 

102 

112 

102 

82 

74 

112 
348 
255 
173 
112 

91 

91 

173 

397 

448 

348 
173 
112 
74 
112 

192 

112 

74 

68 

61 

56 
50 
45 
40 
30 

33 

30 

255 

173 

126 

102 
112 
126 
112 
91 

74 
61 
50 
40 
32 
212 

173 
91 
74 
61 
50 

45 
32 
29 



15 
12 
10 
9.2 
14 

11 
5.0 
5.0 
3.7 
5.0 

4.5 
3.7 
3.7 
4.0 
4.0 

2.9 
3.0 

30 

27 

17.7 

12.8 
10.1 
9.2 
11.9 
11.4 

9.6 
8.4 
7.1 
7.1 

62 

41 

23 

17.7 

11.4 

11.4 

8.8 

7.1 
6,7 
6.7 
5.4 
6.0 

4.5 
4.0 
4.0 
3.7 
3.7 

3.7 
3.2 
3.7 

100 
82 

102 
85 
73 

64 
49 
43 
68 
131 

92 
77 
60 
46 
44 

55 
46 
36 
41 
57 

174 

134 

62 

49 

36 

36 
43 

46 
76 
60 

38 

29 

23 

19.7 

48 

38 
27 
23 
24 
19.9 

18.1 
17.2 
17.0 
15.6 
10.9 

10.1 

10.5 

71 

40 

28 

24 
22 
22 
29 
25 

20* 
18.5 
12.9 
16.2 
173 
74 

42 
31 
25 
22 
17.8 

10.9 
12,6 
11.6 
10.9 
10.5 

10.5 
9.7 
9.7 
9.3 
9.0 

9.3 
9.3 
9.5 
9.3 
9.9 

9.8 
9.8 
9.7 
9.7 
9.7 

10.3 
10.7 
10.5 
10.1 
9.9 
9.7 

9.7 
9.7 
9.5 
9.3 
10.9 

12.4 
12.4 
11.8 
11.6 
11.3 

11.3 
11.3 
10.9 
11.3 
38 

40 
32 
26 
22 
17.6 

38 
32 
36 
30 
29 

23 
20 
20 
24 

42 

35 
30 
21 
16 
15 

19 
16 
12 
14 
19 

28 
30 
27 
24 

15 

18 
18 
20 
35 
30 

19 

2 

15 

3 

10 

4 

9 

5 

33 

6 

25 

7 

14 

8 

12 

9 

13 

10 

10 

11 

9 

12 

s 

13 

s 

14 

7 

15 

173 

173 
112 
102 
91 
112 

126 
139 
112 
139 
212 

112 
74 
50 
173 
234 
300 

5 

16 

5 

17 

5 

18 

30 

19 

IS 

» 

13 

11 

22 

10 

u 

24 

16 

12 

9 

27 

8 

8 

29 ^ 

30 

51 

73 

127 

8 
27 

31 

30 

Meui 

143 
0.888 

0.56 

1.07 
1.19 

103 
0.640 

0.74 

69.4 
0.431 

0.13 

12.3 
0.691 

0.80 

7.43 
0.417 

0.2S 

83.7 
2.10 

0.23 

68.9 
1.73 

1.93 

31.1 
0.779 

0.90 

12.9 
0.323 

0.37 

16.4 
0.411 

0.32 

24.5 
3.10 

3.46 

13.5 

Run-ofl    (aejpth    in 
inches  on  drainage 
area) 

1.71 

1.97 

a  Discharges  of  Crooked  Creek  at  Central  House  are  based  on  a  rating  curve  well  defined  between  30  and 
350  second  leec. 

h  The  discharges  of  Forcupino  and  Bonanza  creeks  above  ditch  Intakes  are  only  approximate  on  aoooimt 
of  shifting  channel  conditions. 

c  The  discharges  of  Porcupine  Creek  below  Bonansa  Creek  are  based  on  a  rating  curve  teirly  well  defined 
between  10  and  60  seoond-feet. 
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DaUy  disduarge,  in  $econd'/eet,  of  Mammoth  and  Deadwood  creeks  for  1910. 


Day. 

ICammoth  Creek  at 
Miller       House  a 
(dralnafe      area, 
37.1  square  miles). 

Deadwood    Creek    above    Switch 
mfles). 

May. 

June. 

July. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

80 
95 
77 
66 
66 

62 
54 
54 
63 
79 

64 
63 
58 
49 
48 

53 
51 
30 
32 
49 

91 
77 
61 
33 
25 

53 

67 

47 

115 

47 

47 
25 
21 
30 
90 

54 

33 

25 

17.5 

17.5 

17.5 

17.5 

17.5 

21 

17.5 

14.8 

19.0 

11.8 

49 

37 

36 
25 
25 
35 
25 

21 

17.5 

16.4 

14.8 

48 

38 

77 

58 
58 
55 
39 
35 

27 

27 

16.4 

39 

35 

41 
31 
27 
21 
21 

21 

21 

15.3 

15.3 

18.2 

21 

25 

21 

15.3 

13.2 

11.0 
11.0 
98 
102 
44 

68 

25 

15.3 

13.2 

18.2 

13.2 

11.0 

11.0 

7.7 

6.4 

6.4 
5.8 
5.0 
5.0 
5.0 

4.5 
8.4 

50 

25 

13.2 

13.2 

13.2 

8.7 

8.4 

7.2 

6.4 
5.5 
5.5 
9.4 

27 

19.9 

15.3 

11.0 

8.7 

7.7 

6.4 

6.4 
5.8 
6.6 
5.0 
5.0 

5.0 
4.5 
4.5 
4.3 
3.8 

3.8 
3.8 
5.0 
5.5 
6.4 

5.7 
5.0 
4.5 
3.8 
5.5 

5.0 
6.4 
5.0 
5.8 
5.5 
5.0 

6.0 

2 

6.5 

3 

6.0 

4 

5.0 

5 

5.8 

6 

0.4 

t 

5.0 

8 

6.0 

9 

5.0 

10 

5.0 

11 

5.2 

12 

5.5 

13 

6.4 

14 

7.7 

IS 

25 

16 

18.2 

17 

30 
47 
47 
35 

25 

17.5 

54 

70 
47 

45 
44 
41 

65 
78 
93 

18.2 

IS 

15.3 

19 

13.2 

20 

11.0 

21 

23 

24 

25 

27 

29 

30 

31 

Mean 

49.2 
1.33 
0.74 

60.3 
1.63 
1.82 

32,0 

0.863 

0.99 

71.5 

0.336 

0.25 

32.8 
1.54 
1.72 

14.2 

0.667 

0.77 

5.84 

0.274 

0.32 

8.92 

llffwi  pfT  siqnarff  mfle 

0.414 

0.31 

a  The  dtacliarges  of  Mammoth  Creek  below  Miller  House  are  obtained  by  adding  to  the  discharge  of  the 
craek  the  amount  of  water  diverted  by  the  Mammoth  Creek  mining  ditch.  They  are  only  approximate 
for  certain  periods  during  low  water  on  aeoount  of  insufQcient  data  regarding  the  flow  of  the  ditch. 

fr  The  discharges  of  Deadwood  Creek  above  Switch  Creek  are  based  on  a  well-defined  curve  throughout. 

Dmly  dUchargey  in  second-feet^  of  Bonanza  Creek  ditch  at  intake  for  1910. 


Day. 

May. 

June.o 

July.o 

Aug. 

Day. 

May. 

June.o 

July.a 

Aug. 

1 

18.9 
19.2 
21 

20 

17.3 

16.0 

20 

22 

23 

23 

20 

16.0 

14.2 

l&O 
15.4 
12.1 
13.8 
18.9 

19.0 

13.0 

9.6 

8.4 
28 

20 
13.3 
11.5 
12.4 
9.4 

8.4 
7.7 
7.7 
6.6 
0 

0 

0 

27 

17.6 

12.2 

17.6 

13.1 

10.2 

8.4 

6.9 

1 

21 

18.9 
0 
0 

24 

14.4 

15.7 
17.3 
16.9 
26 

28 

10.5 
10.2 
10.5 
15.7 
11.9 

8.7 

8.0 

0 

0 

26 

27 

2 

22 

3 

23 

4 

24 

5 

25 

6 

26 

T 

27 

!* 

1 28. :::..: 

14.7 
14.4 
13.2 
15.0 

9 

29 

10 

30 

31 

11 

Moan 

~"       1 

12 

14.3 

17 

11.6 

13 

11.2 

U ' 

15 

1« 

17 

W 

10 

20 

a  A  change  in  the  relation  of  gagehel^tjto  discharge  occurred  during  the  period  June  6  to  July  15.    Dis* 


charges  for  this  Interval  wen 


HwinilfcMt  method  for  shifting  channeb. 
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Miscellaneous  measurements  in  Crooked  Creek  drainage  basin  in  1910. 


Date. 

Stream  and  locality. 

area. 

Discharge. 

Discharge 

per  sguare 

mile. 

May  29 

Mammoth  Creek  ditch  at  Intake 

8q.  mUe*. 

aee.-ft. 
33 
34 

4.6 

6.8 
11.1 
17.4 

3 

3 

0 
25 

See.-ft. 

June  5 

do 

July  14 

Independence  Creek  at  mouth 

13.2 

13.2 

7.2 

7.2 

7.2 

10.5 

10.5 

38.8 

0.3S 

July  23 

do 

.52 

May  29 

Miller  Creek  at  claim  "  No.  6  above" 

1.54 

June  5 

do 

2.  4J 

July  14 

do 

.42 

Do 

Miller  Creek  at  mouth 

.29 

July  23 

do 

.67 

July  21 

Bouldw  Creek  at  trail  trossing 

.64 

CRSEKS  TRIBUTABY  TO  THE  YTTKON. 
GENERAL   FEATURES. 

The  creeks  tributary  to  the  Yukon  from  the  south  above  Cht^le 
within  the  Circle  quadrangle  are  Woodchopper,  Coal,  and  Washing- 
ton. Fourth  of  July  Creek  heads  within  the  quadrangle,  but  most 
of  its  valley  is  east  of  the  eastern  boundary.  Its  description  is 
included,  however,  as  it  completes  that  of  the  area  where  work  is 
in  progress  along  the  Yukon. 

The  belt  of  country  drained  by  these  creeks  is  10  to  25  miles  wide 
from  east  to  west  and  is  characterized  by  broad,  undulating,  more 
or  less  even-topped  ridges  rising  about  2,000  feet  above  sea  level. 
The  valleys  of  the  streams  are  deeply  cut  and  comparatively  narrow. 

The  bedrock  includes  the  Birch  Creek  schist;  several  shales,  cherty 
limestones,  and  igneous  volcanic  rocks  belonging  in  part  at  least  to 
the  Devonian  and  Carboniferous;  Lower  Cretaceous  slate  and  sand-- 
stone;  and  Tertiary  conglomerate,  sandstone,  and  shale;  these  are 
overlain  by  Quaternary  silt,  sand,  and  gravel.  Granitic  intrusive 
rocks  arc  present  round  the  heads  of  Coal  and  Woodchopper  creeks. 

The  gold  is  believed  to  have  been  derived  in  part  from  Ijower 
Cretaceous  slates,  in  part  from  Tertiary  conglomerate,  and  in  part 
from  the  Birch  Creek  schist. 

PLACERS. 


WOODOHOPPEB  CBEBK. 

Woodchopper  Creek  was  visited  in  1906  by  Brooks,*  from  whose 
description  the  following  is  quoted : 

Woodchopper  Creek,  which  ia  about  12  miles  long,  enters  the  Yukon  from  the 
weet,  about  30  miles  above  Circle.  Its  flood  plain  is  about  half  a  mile  in  width* 
and  the  alluvium  is  probably  8  to  15  feet  deep.  Five  miles  from  the  Yukon,  Mineral 
Creek,  the  scene  of  some  placer  mining,  joins  Woodchopper  Creek  from  the  south. 

1  Brooks,  A.  H.,  Bull.  U.  S.  Geol.  Survey  No.  314, 1907,  pp.  203-304. 
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The  floor  of  the  Mineral  Creek  vMey.  is  100  to  150  [feet]  wide,  and  the  slopes  are 
broken  by  benches.  Woodchopper  Creek  has  a  gradient  of  about  100  feet  to  the  mile. 
Remnants  of  benches  are  to  be  seen  along  the  creek,  the  highest  of  these  being 
marked  by  the  ridge  on  the  northwest  side,  which  is  flat  and  slopes  toward  the 
Yukon. 

In  the  lower  mile  of  Woodchopper  Creek  only  massive  greenstones  were  observed. 
Above  these  is  a  belt  of  black  slate  and  limestones  about  a  mile  wide  that  continues 
nearly  to  the  mouth  of  Mineral  Creek,  where  it  is  succeeded  by  friable  conglomerates 
in  a  belt  said  to  be  several  miles  wide.  Chert  and  quartz  pebbles  dominate  in  the 
conglomerate,  which  is  only  imperfectly  consolidated  and  outcrops  in  few  places. 
This  fiact  often  leads  to  its  being  mistaken  for  bench  gravel  by  the  prospector. 

So  far  as  known  the  gold-bearing  alluvium  is  confined  to  those  creeks  that  cut 
the  conglomemte,  which,  therefore,  appears  to  be  the  source  of  the  gold.  Mineral 
Creek  and  its  tributary,  Alice  Gulch,  are  the  only  streams  which  have  thus  far  been 
found  to  be  productive.    Prospects  are  reported  from  Grouse  and  Iron  creeks. 

At  the  mouth  of  Mineral  Creek  the  alluvial  floor  of  the  valley  is  about  75  yards 
wide  but  narrows  upstream.  A  mile  upstream,  at  the  mouth  of  Alice  Gulch,  it 
broadens  out  again  into  a  basin  about  75  yards  wide.  On  the  south  wall  of  Mineral 
Gulch  three  well-defined  benches  were  observed,  having  altitudes  of  about  20,  150, 
and  250  feet  above  the  creek. 

Muck  is  encountered  on  some  claims  to  a  depth  of  30  feet;  the  gravels  underneath 
vary  in  thickness  from  2  to  5  feet  and  are  made  up  chiefly  of  well-rounded  quartz 
and  chert  pebbles.  The  pay  streak  lies  in  parallel  channels  12  to  14  feet  wide,  as 
many  as  three  of  these  channels  having  been  found  in  a  width  of  80  feet.  The  pay 
Btreak  under  present  systems  of  mining  is  from  1}  to  4  feet  in  thickness.  A  varying 
amount  of  bedrock  is  taken  up,  depending  on  its  looseness.  Apparently  gold  occurs 
in  bedrock  beyond  the  depth  to  which  it  can  be  profitably  extracted.  The  bedrock 
appears  to  be  chiefly  conglomerate,  but  in  some  places  a  plastic  clay,  which  may  be 
a  weathered  shale  interbedded  with  the  conglomerate,  has  been  encountered.  Pros- 
pectors report  that  the  values  are  found  in  the  conglomerate  but  appear  to  be  absent 
in  the  clay.  The  conglomerate  bedrock  is  invariably  iron  stained,  where  found  under 
the  placers.  Gold  has  been  foimd  in  the  lower  benches  of  the  creek,  but  the  higher 
benches  have  not  been  prospected. 

The  gold  in  the  creek  bed  is  usually  bright  colored,  but  that  of  the  benches  is  dark. 
Most  of  the  gold  is  coarse,  the  largest  nugget  having  a  value  of  $30.  The  value  of  the 
gold  as  reported  by  the  miners  is  119.09  to  $19.30  per  ounce,  which  would  make  it 
the  highest  of  all  found  in  the  Yukon  province.  Values  of  5  to  50  cents  to  the  pan 
on  bedrock  are  reported,  but  there  are  no  data  available  for  the  average  tenor  of  the 
pay  streak. 

In  1911  gold  had  also  been  found  in  the  valley  of  Woodchopper 
Creek,  about  a  mile  above  the  mouth  of  Mineral  Creek.  The  valley 
at  this  point  has  a  flat  half  a  mile  or  more  wide  on  the  west  side  of  the 
creek,  and  in  this  flat  several  hundred  feet  from  the  stream  gold  had 
been  discovered.  The  bedrock  is  conglomerate.  The  depth  to 
bedrock  is  about  22  feet  and  the  thickness  of  gravel  about  11  feet. 
A  large  proportion  of  the  bottom  gravels  consists  of  granite  bowlders 
from  the  head  of  the  creek.  Gold  is  reported  to  be  present  in  the 
lowermost  6  feet  of  gravel  over  a  width  of  about  70  feet.  Good 
returns  were  reported. 
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COAL  CBSBK. 

Mining  was  reported  to  be  about  as  active  in  the  lower  part  of  the 
Coal  Creek  valley  during  1911  as  it  was  on  Woodchopper  Creek. 

The  most  noteworthy  discovery  of  the  year  was  at  a  point  about  15 
miles  from  the  mouth  of  Coal  Creek,  where  gold  was  found  in  but  near 
the  southern  limit  of  an  area  of  Paleozoic  rocks.  The  bedrock 
includes  chert,  shale,  greenstone,  and  limestone.  The  depth  to 
bedrock  at  the  place  where  work  was  being  done  is  about  7  feet  and 
the  productive  gravels  are  reported  to  be  100  feet  wide.  The  pro- 
portion of  garnets  in  the  gravels  is  large.  Fragments  and  bowlders 
of  gametiferous  schist  are  also  common  and  the  facts  suggest  that 
the  placer  gold  has  been  derived  from  the  Birch  Creek  schist,  which 
outcrops  around  the  head  of  Coal  Creek. 

WASHXVGTOV  CBXBK. 

Brooks  *  visited  Washington  Creek  in  1906.  He  describes  con- 
ditions as  follows: 

Gold. — ^Waehington  Creek  flows  through  a  northward-trending  valley,  whose  floor 
is  from  half  a  mile  to  a  mile  in  width.  The  bedrock  for  the  lower  3  miles  of  the  creek 
is  black  slate  or  shale  of  Cretaceous  age.'  Farther  upstream  the  creek  cuts  a  green- 
stone and  chert  formation,  probably  of  Devonian  age,  and  10  miles  from  the  Yukon  it 
crosses  another  belt  of  Cretaceous  slate,  which  forms  the  bedrock  in  Nugget  Gulch,  a 
small  southerly  tributary.  These  rocks  are  succeeded  to  the  south  by  a  broad  belt 
mode  up  of  a  Tertiary  conglomerate,  sandstone,  and  shale  series,  which  contains  some 
lignitic  coal  seams.  This  belt  of  coal-bearing  rocks  has  a  width  of  at  least  10  miles. 
Still  higher  up  the  valley  older  rocks  are  said  to  occur  again. 

Placer  gold  has  been  found  at  two  localities  in  the  Washington  Creek  basin — (1)  in 
Nugget  Gulch,  about  9  miles  from  the  Yukon,  and  (2)  on  Surprise  and  Eagle  creeks, 
about  10  miles  above.  The  placers  on  Nugget  Creek  consist  of  very  much  localized 
accumulations  of  coarse  gold  on  bedrock.  Values  are  so  irregularly  distributed  that 
it  is  questionable  whether  they  can  be  mined  at  a  profit.  The  gold  appears  to  have 
its  source  in  the  Cretaceous  slates,  and  it  is  worthy  of  consideration  at  least  whether 
the  mineralization  of  the  bedrock  is  not  sufficiently  localized  to  pay  the  cost  of  extinc- 
tion .  The  upper  locality  was  not  visited  by  the  writer,  but  from  the  best  accounts  the 
gold  here  appears  to  be  derived  from  a  conglomerate.  The  value  of  the  total  produc- 
tion of  Washington  Creek  does  not  exceed  a  few  thousand  dollars. 

Coal. — Washington  Creek  has  been  the  scene  of  some  ill-advised  attempts  at  coal 
mining.  Though  there  is  considerable  lignite  in  the  basin,  much  of  the  money  spent 
in  development  has  been  wasted  on  experiments  in  transportation  rather  than  in 
testing  the  seams  as  to  extent  and  quality.  The  coal  openings  are  from  10  to  14  miles 
up  the  creek,  and  as  the  seams  exposed  appear  to  be  of  no  better  quality  or  greater 
thickness  than  others  which  lie  Inuch  closer  to  the  Yukon,  the  outlook  for  prcMfitable 
exploitation  is  not  hopeful.  The  seam  examined  by  the  writer,  about  14  miles  from 
the  river,  occurs  in  friable  sandstone  and  shale,  striking  about  east  and  west  and  dip- 
ping 30°  N.,  and  showed  the  following  section.  The  exposure  is  on  the  north  side  of 
the  valley,  about  40  feet  above  the  stream  level. 

1  Brooks,  A.  U.,  Bull.  U.  S.  Geol.  Survey  No.  314, 1907,  pp.  200-202. 

'Collier,  A.  J.,  Coarresources  of  the  Yukon:  Bull.  U.  S.  Geol.  Survey  No.  218, 1903,  pp.  TS-^X 
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Section  of  coal  nam  on  Washington  Creek. 

• 

Roof,  soft  blue-gray  shale.  Ft.  in. 

Shaly  lignitic  coal 2    6 

Clay 2 

Shaly  lignitic  coal , 2 

Bone  parting 2 

Grood  lignitic  coal 1 

Clay 5 

Good  lignite 1 

Clay  shale 1 

Impure  coal  (lignite) 3 

Clay  shale 2 

Coal  (lignite) 1    4 

Clay  shale 2 

Lignitic  coal  with  some  partings 2 

Clay  shale 3 

Impure  lignitic  coal 1 

Good  coal  (lignite) 1 

Clay  shale 4 

Good  lignitic  coal  with  bone  partings 1    4 

Clay  shale  with  some  bone  partings 4 

Covered,  but  probably  no  coal. 

The  coal  carries  considerable  sulphiu-.  On  burning  it  produces  many  clinkers. 
The  ash  has  a  reddish  tinge.  The  following  is  an  analysis  of  a  sample  taken  from  this 
same  district  a  little  lower  down  the  creek: 

Analysis  of  coal  from  Washington  Creek} 

Water 13.48 

Volatile  combustible  matter 43.  74 

Fixed  carbon 39,  68 

Ash ". 3.10 

100.00 
Sulphur 24 

The  remarkably  low  percentage  of  ash  suggests  that  this  sample  was  taken  from  one 
of  the  minor  seams  and  was  not  an  average  of  the  entire  section  exposed .  Such  a  grade 
of  coal  could  probably  only  be  secured  by  hand  picking  after  mining. 

During  1905  and  1906  a  company  attempted  to  establish  a  winter  transportation 
system  to  the  Yukon  by  the  use  of  a  lOO-horsepower  traction  engine,  which  was 
exx>ected  to  haul  five  sleds,  each  of  10  tons  capacity.  While  such  a  scheme  might  be 
feasible  with  a  good  roadbed,  it  proved  entirely  impracticable  without  one.  This 
plan  involves  the  storage  Of  the  coal  hauled  in  winter  for  consumption  during  the 
summer  months — a  doubtful  experiment,  because  the  lignite  slacks  readily  after 
being  exposed  to  the  air. 

In  spite  of  the  adverse  conditions  of  mining  and  low  grade  of  coals  in  this  field,  it 
shares  with  other  fields  of  the  Yukon  a  prospective  value.  There  can  be  no  question 
that,  with  the  present  increase  in  the  demand  for  fuel  and  the  rapid  destruction  of  the 
forests,  the  time  is  not  far  distant  when  the  Yukon  lignites  will  play  an  important  part 
in  the  commercial  development  of  the  inland  placer  districts. 

FOURTH  OF  JULY  CREEK. 

Fourth  of  July  Creek  rises  about  12  miles  from  the  Yukon  and  flows 
northeastward  for  the  greater  part  of  its  course.  Crowley  Creek,  its 
largest  tributary,  enters  it  from  the  east  about  6  miles  below  its  head. 

A  CoUier,  A.  J.,  Goal  rewnuoes  of  the  Yukon:  Bull.  U.  8.  Qeol.  Survey  No.  218, 1903,  p.  31. 
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Four  miles  farther  downstream  Fourth  of  July  Creek  leaves  its  valley, 
crosses  the  flat  of  the  Yukon  in  a  northwesterly  course,  and  about 
2  miles  beyond  is  reported  to  enter  a  slough  on  the  Yukon  about  2 
miles  below  Nation,  which  is  situated  on  the  south  bank  of  the 
Yukon  about  4  miles  below  the  mouth  of  Nation  River.  Michigan 
Creek,  a  neighboring  stream  on  the  east,  leaves  its  valley  at  about 
the  same  distance  from  the  Yukon  as  Fourth  of  July  and  is  reported 
to  enter  the  same  slough  about  a  quarter  of  a  mile  farther  up  the 
river. 

The  main  part  of  the  valley  of  Fourth  of  July  Creek  is  about  2,000 
feet  below  the  level  of  the  ridges  and  has  a  comparatively  narrow 
stream  flat  from  200  to  400  feet  in  width.  Above  the  mouth  of 
Crowley  Creek  the  valley  has  a  steep  eastern  slope,  close  to  which 
the  stream  flows,  and  a  gentle  benchlike  western  slope  about  1,000 
feet  wide  that  merges  with  the  base  of  the  ridge.  Below  the  mouth 
of  Crowley  Creek  it  is  mostly  narrower,  till  it  nears  the  valley  of  the 
Yukon,  where  its  floor  widens  and  merges  with  that  of  the  riv«*.  At 
this  point  it  has  a  benchlike  slope  on  the  east  half  a  mile  or  more  in 
width.  The  grade  of  the  creek  is  about  100  feet  to  the  mile.  The 
drainage  area  being  comparatively  small  and  the  precipitation  for 
the  general  area  being  low,  averaging  hardly  more  than  10  inches  a 
year,  the  quantity  of  water  is  generally  insufl&cient  for  mining.  The 
timber  resources  are  limited  to  a  comparatively  light  growth  of  small 
spruce  and  a  little  birch  and  poplar.  Some  larger  spruce  timber  is 
available  in  the  valley  of  the  Yukon. 

The  bedrock  of  Fourth  of  July  Valley  from  the  mouth  to  Crowley 
Creek  is  predominantly  limestone,  which  at  the  point  where  the  creek 
enters  the  Yukon  Valley  forms  picturesquely  weathered  cliffs  tower- 
ing above  the  stream  on  its  west  side.  Upper  Carboniferous  fossils 
are  abundant  in  siinilar  limestone  near  the  mouth  of  Michigan  Creek, 
and  the  limestones  at  both  these  localities  are  considered  to  be  of  the 
same  age  and  are  correlated  with  the  upper  Carboniferous  limestones 
on  the  north  side  of  the  Yukon  above  Nation  River,  described  by 
Brooks.^  The  limestones  Occur  as  massive  beds  that  have  been  so 
folded  as  to  be  vertical  at  some  localities;  where  cut  by  Yukon  River 
they  are  conspicuous  as  open  folds. 

The  bedrock  from  Crowley  Creek  to  the  head  of  Fourth  of  July 
Creek  and  around  all  the  headwaters,  so  far  as  observed,  is  conglom- 
erate continuous  with  the  conglomerate  of  the  Seventymile  district, 
the  age  of  which  has  been  determined  as  Tertiary.  Along  Seventy- 
mile  River  these  rocks  have  been  closely  folded  and  in  many  places 
are  nearly  vertical.  Their  structure  on  the  ridges  is  for  ihe  most 
part  obscured  by  the  gravel  into  which  they  have  weathered.     It 

1  Brooks,  A.  II.,  and  Kindle,  E.  M.,  Paldozoio  and  asociated  rocks  of  the  upper  Yukon,  Alaska:  Bull. 
G«ol.  Soc.  America,  vol.  19. 1906,  pp.  295-297. 
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has  been  rather  definitely  determined  that  the  gold  of  the  placers 
has  been  derived  from  this  conglomerate,  for  the  only  portions  of  the 
Fourth  of  July  Valley  and  its  tributaries  where  gold  has  been  mined 
are  those  areas  where  the  conglomerate  is  the  bedrock  and  where  the 
streams  have  had  no  access  to  any  other  bedrock. 

Fourth  of  July  Creek  is  reported  to  have  produced  altogether  about 
S50,000.  Most  of  the  work  on  the  main  creek  has  been  confined  to 
about  six  claims.  The  depth  to  bedrock  averages  about  9  feet  and 
the  thickness  of  gravel  mined  5  to  6  feet.  Most  of  the  gravel  is  com- 
paratively fine,  with  pebbles  reaching  about  6  inches  as  a  maximum, 
but  a  few  bowlders  of  quartzite  ^.nd  hard  Paleozoic  conglomerate 
3  feet  or  more  in  diameter  were  observed.  All  the  pebbles  and 
bowlders  observed  were  well  worn,  and  there  is  little  doubt  that  all 
have  been  derived  from  the  Eocene  conglomerate. 

The  gold  is  mostly  close  to  bedrock,  the  greatest  proportion  of  it 
being  found  in  the  lowest  foot  of  gravel.  The  width  over  which  it 
is  found  had  not  been  determined.  Most  of  it  is  flat  and  in  rather 
thick  flakes,  as  much  as  one-fourth  inch  in  diameter.  It  is  reported 
to  range  in  assay  value  from  $18.89  to  $18.91  per  ounce.  Returns 
ranging  from  $8  to  $75  a  box  length  (144  square  feet),  with  an  aver- 
age of  about  $25,  are  reported. 

The  most  noteworthy  feature  of  mining  operations  during  1911 
was  Ihe  introduction  of  mechanical  means  for  working  the  gravels 
on  a  larger  scale.  A  steam  scraper,  with  86  horsepower  available, 
was  put  into  operation  during  the  first  week  in  September,  1911,  and 
was  intended  to  be  used  extensively  during  the  summer  of  1912.  It 
was  transported  during  the  summer  from  tbe  Yukon  under  its  own 
power  for  a  distance  of  about  10  miles  over  the  brushy  valley  at  an 
average  speed  of  about  half  a  mile  a  day.  The  method  used  was  to 
dig  holes  at  regular  intervals  in  the  frozen  ground,  insert  a  large  hook 
for  a  deadman  and  then  pull  the  scraper  forward  on  its  foundation 
of  logs  by  cables  attached  to  the  drum. 

Open-cut  work  was  being  done  in  1912  on  Ruby  Creek,  which 
enters  Fourth  of  July  Creek  about  3  miles  above  the  point  where 
the  scraper  was  in  use.  The  only  bedrock  in  this  valley,  so  far  as 
observed,  is  the  conglomerate.  The  depth  to  bedrock  at  places 
"where  mining  was  in  progress  is  12  to  15  feet.  The  gravel  is  made 
up  of  material  derived  from  the  conglomerate,  and  the  gold  is  found 
ia  the  lower  20  inches.  Returns  are  reported  ranging  from  $50  to 
S75  to  the  box  length  of  144  square  feet. 

MISCELLANBOTTS  ABBAS. 

BBTBirTTlCZLE  BSOZOV. 

Placer  mining  in  the  upper  Seventymile  region  has  been  in  progress 
on  Flume  Creek  near  the  mouth  and  on  Alder  Creek.  The  ground 
on  both  these  creeks  is  shallow.  Several  nuggets  ranging  from  $1 
to  819  in  value  have  been  reported  from  Alder  Creek. 
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FOSTYMILB  BEOXOir. 

Gold  Run,  a  tributary  of  Slate  Creek,  about  75  miles  southwest 
of  Eagle,  has  been  mined  more  or  less  for  several  years.  The  bed- 
rock is  a  rather  coarse  schistose  sandy  quartzite  regarded  as  Pale- 
ozoic. The  area  is  close  to  the  large  granitic  mass  to  the  north 
and  west  and  the  gravels  contain  abundant  quartz.  The  gravels 
are  shallow  and  are  worked  by  open  cut  and  automatic  dam.  Tliey 
were  being  mined  in  1904  and  two  men  were  working  on  them 
in  1911. 

A  small  amount  of  mining  has  been  done  on  Hutchinson  Creek 
and  its  tributaries,  Coldfoot  and  Montana  creeks,  for  several  years; 
five  men  were  reported  to  be  working  there  in  1910.  There  has 
been  a  small  production  from  this  area. 

Some  work  has  been  done  on  the  quartz  prospects  en  Mosquito 
Fork.     (See  p.  49.) 

BALOHA  SEQXOV. 

The  first  mining  in  the  Salcha  region  was  done  in  1905,  Butte 
and  Caribou  being  among  the  creeks  then  prospected.  The  bed- 
rock of  the  region  is  mostly  Birch  Creek  schist.  The  thickness  of 
deposits  that  were  at  that  time  being  worked  ranged  from  about 
20  to  36  feet.  The  gravels  consisted  principally  of  schist,  with  some 
granite,  vein  quartz,  and  greenstone.  The  main  difficulty*  en- 
countered was  thawed  ground. 

Work  has  continued  in  the  region  and  in  1910  good  results  were 
reported  from  No  Grub  and  Caribou  creeks,  where  about  20  men 
were  employed  on  about  five  claims. 

CHEVA  REQIOV. 

Chena  River  and  tributaries  have  been  under  investigation  by 
prospectors  since  1905.  Gold  has  been  found  on  a  few  creeks,  but 
no  results  of  importance  have  been  reported. 

FCTTUBE  PROSPECTnra. 

The  chief  importance  of  these  miscellaneous  occurrences  just 
described  lies  in  the  fact  that  they  illustrate  the  widespread  distri- 
bution of  mineralization.  It  seems  probable  that  when  conditions 
for  the  transportation  of  supplies  to  remote  portions  of  the  quad- 
rangle become  more  favorable  remunerative  results  will  be  possible 
in  some  of  these  areas.  Such  widespread  distribution  of  mineraliza- 
tion, furthermore,  is  an  incentive  to  further  work  in  prospecting, 
particularly  in  the  schistose  rocks  in  the  vicinity  of  the  granitic 
intrusives. 
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SOME  ORE  DEPOSITS  IN  NORTHWESTERN  CUSTER' 

COUNTY,  IDAHO. 


s    .-' 

By  Joseph  B.  Umpleby. 
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'''  INTRODUCTION. 


^  SCOPE  OF  THE  REPORT. 

'  This  report  sets  forth  the  results  of  a  short  reconnaissance  in  the 
)  con  Creek,  Yankee  Fork,  and  Bay  Horse  mining  districts,  situated 
;^  I  the  northwestern  part  of  Custer  County,  Idaho.  The  area  includes 
\3veral  promising  ore  deposits  and  a  few  mines  where  a  considerable 
^Dnnage  is  blocked  out,  awaiting  more  advantageous  transportation 

ie^cilities. 
^^^  The  area  is  first  treated  as  a  unit  in  order  to  .bring  out  the  broader  re- 
~ . .  ations,  and  then  the  three  districts  are  taken  up  separately.  Although 
lix^^his  arrangement  involves  some  repetition,  it  is  thought  to  be  justified 
n  order  that  the  report  may  be  equally  valuable  to  the  student  of  the 
[    general  subject  and  to  the  person  interested  in  a  particular  district. 

FIELD  WORK  AND  AOKNOWLBDGKBNTS. 

OP    Early  in  the  fall  of  1910  three  days  were  spent  in  examining  the 

yBay  Horse  district,  it  being  the  plan  at  that  time  to  incorporate  notes 

^on  the  deposits  there  found  in  a  report  on  Lemhi  County.    Later  it 

was  decided  to  make  a  reconnaissance  of  two  other  districts  adjacent 

~~to  Bay  Horse  and  incorporate  the  results  of  the  work  in  the  three 

areas  in  a  separate  bulletin.    Pursuant  to  this  plan  field  work  was 

begun  August  27,  1911,  and  continued  until  September  20  of  that 

year.     The  time  was  divided  about  equally  between  the  Loon  Creek, 

Yankee  Fork,  and  Bay  Horse  districts.    A  topographic  and  geologic 

sketch  map  was  prepared  showing  most  of  the  area  (2,500  square 

miles)  included  in  these  districts.     (See  PI.  I.)     On  this  map  only 

the  broader  geologic  divisions  are  recognized  and  except  along  the 

'  main  line  of  traffic  from  Challis  to  Ivers  and  over  small  areas  adjacent 

-  to  the  more  important  metalliferous  deposits,  the  positions  assigned 

1  to  their  contacts  are  based  largely  on  information  derived  from  mining 

men  and  prospectors. 

The  base  map  is  compiled  from  S.  M.  Ballard's  map  of  Custer 
'  County,  data  furnished  by  the  local  office  of  the  Forest  Service,  and 
'  9 
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numerous  compass  triangulations  by  the  writer.  Vertical  control 
along  Salmon  River  is  taken  from  a  location  survey  by  the  Gilmore 
&  Pittsburgh  Railroad;  elsewhere  it  is  taken  form  aneroid  readings. 
Field  work  was  greatly  facilitated  by  generous  courtesies  and  assist- 
ance given  by  mining  men  in  the  area,  especially  by  the  officials  of 
the  Lost  Packer  Mining  Co. 

BABLIEB  WORK  AND  LITEBATITIIE. 

The  earlier  work  in  the  area  is  described  principally  in  short  articles. 
George  H.  Eldridge,  during  his  reconnaissance  from  Boise  to  Salmon, 
passed  through  a  part  of  the  Loon  Crook  district  and  on  his  return 
touched  the  northeast  comer  of  the  Bay  Horse  district.  His  report, 
however,  contains  little  specific  information  concerning  the  area  here 
considered.  The  Bay  Horse  district  is  the  subject  of  a  few  notes  by 
R.  N.  Bell,  in  which  he  describes  the  geologic  features  of  the  region 
and  the  occurrence  of  silver  ores.  In  another  paper  the  same  writer 
incorporates  notes  on  the  mines  of  the  Yankee  Fork  and  Bay  Horse 
districts.  The  Lost  Packer  mine  is  described  briefly  by  E.  P.  Jennings. 
The  annual  reports  of  the  State  Mine  Inspector,  many  of  which  contain 
notes  on  the  geology  of  the  deposits,  form  another  source  of  informa- 
tion regarding  the  ore  deposits  of  the  area.  The  more  important 
reports  and  articles  on  this  and  nearby  areas  are  listed  below  in 
chronologic  order: 

Emmons,  S.  F.,  LivingBton  to  the  Snake  Plains:  Gcxng.  g^l.  intemat.,  Gompt.  Rend. 
5th  session,  1893,  pp.  367-374. 
Describes  geology  along  route  of  travel  and  geologic  history  of  the  Snake  Plains. 
Stone,  George  H.,  An  extinct  glacier  of  the  Salmon  River  Range:  Am.  Geologist, 
vol.  11,  1893,  pp.  406-409. 

Describes  glacial  geology  of  the  Leesburg  Basin  and  the  mountains  west  of 
Salmon. 
Eldbxdoe,  George  H.,  A  geological  reconnaissance  across  Idaho:  Sixteenth  Ann. 
Rept.  U.  S.  Geol.  Survey,  pt.  2, 1896,  pp.  211-276,  Pis.  XV-XVII. 

Describes  topography  and  geology  along  a  route  from  Boise  to  Salmon  and  thence 
south  to  Hailey  and  west  to  Boise.    Includes  notes  on  the  ore  deposits  at  Yellow 
Jacket  and  the  placers  of  Leesburg  Basin  and  Kirtley  Creek. 
GooDE,  R.  U.,  Bitterroot  Forest  Reserve:  Nat.  Geog.  Mag.,  vol.  9,  1898,  pp.  387-400, 
and  map.    Contains  general  description  of  the  reserve  and  definition  of  moun- 
tain systems. 
BiBLL,  R.  N.,  The  deepest  mine  in  Idaho,  the  Ramshom  at  Bay  Horse:  Mines  and  Min- 
erals, vol.  21,  1900,  pp.  174-176. 
Describes  geologic  features  of  the  region  and  occurrence  of  the  silver  ores. 
L.INDQREN,  Waldemar,  The  gold  and  silver  veins  of  Silver  City,  De  Lamar,  and  other 
mining  districts  of  Idaho:  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1900, 
pp.  75-256,  Pis.  VII-XXXV. 

Describes  character  and  occurrence  of  the  igneous  and  sedimentary  rocks  and 
occurrence  and  nature  of  the  ore  deposits  of  a  laige  area  lying  south  and  west  of 
Lemhi  County. 
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Bell,  Robbbt,  An  outline  of  Idaho  geology  and  of  the  princixMil  ore  depositB  of  Lembi 

and  Custer  counties,  Idaho:  Proc.  Intemat.  Min.  Cong.,  4th8e8s.,  1901,  pp.  $4-^ 

Describes  briefly  the  principal  mines  of  Lemhi  and  Custer  cooxities,  staling 

amoTmt  of  development,  production,  and  something  of  their  geologic  relatkms 

RussKLL,  I.  C,  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idsho: 

Bull.  U.  S.  Geol.  Survey  No.  199, 1902, 192  pp.  25  pis. 

Describes  topography,  basement  series  of  rocks,  recoit  emptivas,  lacostnM 
deposits,  and  resources  of  the  area. 
Ijndorbn,  Waldkmar,  a  geologic  reconnaissance  acron  the  Bittenoot  Range  as-i 
Clearwater  mountains  in  Montana  and  Idaho:  Prof.  Paper  U.  S.  Geol.  Snrsf-y 
No.  27,  1904,  123  pp.,  15  pis. 

Describes  topography  and  character,  occurrence,  and  geologic  relaiioiis  of  lie 
igneous  and  sedimentary  rocks,  the  structure  of  the  area,  and  chaiacter,  occur- 
rence and  development  of  its  mineral  deposits.    Gibbonsville  and  Mineral  Bill 
districts,  Lemhi  County,  are  described  briefly. 
Jbnninos,  E.  p..  The  Lost  Packer  copper-gold  lode  (Idaho):  Jour.  Canadian  Hk 
Inst.,  vol.  9,  1906,  pp.  54-57.    Min.  and  Sd.  Ptess,  vol.  92,  June  90,  1906,  pp> 
435-436. 
Describes  geologic  relationa  and  constitution  of  the  Lost  Packer  vein. 
Carr,  Hbnbt  C,  Vein  structure  in  the  Monument  mine:  Biin.  and  Sci.  PreoB,  vol.  %, 
Apr.  17, 1909,  pp.  557-558. 

Includes  notes  on  the  geology  and  character  and  occurrence  of  the  ores  at  Meyas 
Cove  (Smgiser),  Lemhi  County,  Idaho. 
Umflbbt,  J.  B.,  Geology  and  ore  deposits  of  Lemhi  County,  Idaho:  Bull.  U.  S.  Geol 
Survey  No.  528, 1913,  pp.  182,  pis.  23. 

Describes  physiography,  general  geology,  and  ore  deposits  of  the  county,    h. 
the  final  chapter  the  nineteen  mining  districts  are  treated  separately. 

QEOQRAPHT. 

Situation  and  access. — Northwestern  Custer  County,  in  east-central 
Idaho,  is  most  easily  reached  from  Mackay,  a  terminus  of  a  branch 
of  the  Oregon  Short  Line  Raih*oad.  Stages  run  daily  except  Sunday 
to  ChalHs,  60  miles  distant,  and  thence  on  to  Bonanza  and  Custer. 
60  and  62  miles  farther,  respectively.  These  stage  lines  are  official 
mail  routes,  but  from  Custer  the  mail  is  carried  by  private  convey- 
ance 28  miles  westward  to  Ivers,  thrice  weekly  when  the  smelts' 
is  running  and  twice  monthly  at  other  times.  Challis  may  also  be 
reached  by  stage  three  times  a  week  from  Salmon,  60  miles  north.  ^ 
terminus  of  the  Gilmore  &  Pittsburgh  Railroad. 

SetUements. — The  r^on  covered  by  this  reconnaissance  contains 
seven  settlements,  the  chief  of  which  is  Challis,  the  county  seat  c^' 
Custer  County,  in  the  northeast  comer  of  the  area.  Challis  is  an  at- 
tractive Uttle  village  of  about  1,000  inhabitants  and  has  a  bank,  tw- 
hotels,  churches,  a  good  school,  and  several  stores.  Adjacent  to  it 
are  several  valleys  well  adapted  for  agriculture,  which  have  beet 
settled  largely  within  the  last  few  years.  Streams  from  the  mountaiib 
afford  abundant  water  for  irrigation,  and  crops  of  the  north  tei&- 
perate  latitude  flourish.    At  present  the  costs  of  transportation  for 
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Licenses  are  required  of  all  huntsmen,  and  the  charges  are  so  fbced 
as  to  favor  greatly  the  residents  of  the  State.  Heads  and  hides  mav 
be  shipped  from  the  State  only  by  special  permit. 

History  of  the  area. — ^The  history  of  northwestern  Custer  Count  v 
since  its  discovery  by  whites  closdy  involves  its  mining  development. 
Its  early  inhabitants  were  totally  dependent  upon  the  mining  indus- 
try, but  other  sources  of  revenue,  such  as  agriculture  and  grazing, 
were  gradually  developed  until  perhaps  most  of  the  present  popu- 
lation is  independent  of  the  mining  industry. 

For  about  30  years  after  the  discovery  of  placer  gold  on  Lioon  Creek, 
in  1868,  mining  was  active  and  the  population  was  much  greater 
than  at  present.  Custer,  Bonanza,  Clayton,  and  Bay  Horse  were 
flourishing  settlements.  More  recently  Sunbeam  prospered,  but  at 
present  I  vers  alone  is  an  active  camp. 

With  the  certain  revival  of  mining  in  the  future,  agriculture  will 
become  much  more  important,  by  reason  of  increased  local  market 
and  the  probability  of  better  transportation  facilities. 

PHYSIOGRAPHY. 
QBNSKAL  BSUBF. 

Northwestern  Custer  County  comprises  a  high  mountainous  area  in 
which  the  summits  stand  about  9,600  feet  and  the  beds  of  the  major 
streams  5,000  to  6,000  feet  above  sea  level.  The  mouth  of  Challb 
Creek,  by  railroad  location  elevations,  is  4,830  feet  and  the  mouth  of 
Yankee  Fork  is  6,905  feet  in  elevation.  The  highest  point  visit-cd  in 
the  area,  as  determined  by  aneroid,  is  Estes  Mountain,  which  attains 
an  altitude  of  9,800  feet.  The  highlands  form  a  network  of  con- 
necting ridges,  small  areas,  and  flat-topped  spurs.  In  extent  thej 
exceed  the  lowlands,  though  steep  slopes  connecting  the  two  represent 
most  of  the  surface. 

DBAINAQE. 

Salmon  River,  the  main  artery  of  this  part  of  Idaho,  heads  soutli- 
west  of  the  area  mapped,  flows  eastward  along  its  southern  border. 
and  then  abruptly  turns  to  the  north  and  continues  along  its  easten 
margin  and  beyond,  finally  by  an  abrupt  turn  flowing  west  war! 
across  the  central  part  of  the  State.  All  the  streams  of  the  area  an- 
tributaries  of  Salmon  River;  most  of  them  join  the  Salmon  at  he&4i- 
waters,  but  those  in  the  Loon  Creek  district  reach  it  at  a  point  in  th' 
central  part  of  the  State,  well  toward  its  mouth.  Loon  Creek  Simici* 
and  its  continuation  to  the  southwest  and  northeast  forms  the  I(h^ 
divide  between  northward  and  southward  flowing  drainage.  Lo«:«? 
Creek  and  its  tributaries  have  intricately  dissected  the  country  norti 
of  the  divide,  and  numerous  streams,  most  important  among  tbes 
Yankee  Fork,  have  deeply  carved  the  area  south  of  it. 
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STTHMTT  ABEAS. 

The  uplands  are  characterized  by  small  flat^topped  areas,  from 
which  extend  square-shouldered  spurs,  and  by  level-crested  ridges. 
The  striking  character  of  these  features  has  given  rise  to  such  local 
names  as  "Poverty  Flat/'  applied  to  a  tract  9,600  feet  above  sea  level 
and  about  25  square  miles  in  extent,  and  "Railroad  Ridge,''  which  is 
more  than  100  miles  long  and  so  even  crested  as  to  resemble,  when 
viewed  from  a  distance,  a  railroad  grade.  This  ridge  lies  southeast 
of  the  area  studied  but  may  be  clearly  seen  from  Poverty  Flat 
near  Clayton.  Equally  striking  in  the  evenness  of  their  crests  are 
Antelope  Ridge,  the  Lost  River  Range,  and  Lemhi  Range — all  blend- 
irSg  to  form  the  northeastern  horizon  as  seen  also  from  Poverty  Flat. 
To  the  northwest  there  are  no  distinct  rang^  but  instead  a  veritable 
labyrinth  of  small  sununit  areas  and  short  ridges,  remarkable  for  their 
general  accordance  in  elevation.  Poverty  Flat  itself  is  a  compara- 
j  tively  level  tract  (PL  III)  bordered  by  canyons  as  much  as  5,000  feet 
deep.  It  is  reached  with  difficulty  by  trail  from  Clayton,  4  miles 
distant,  but  once  on  top  a  wagon  could  be  driven  over  most  of  it.  A 
few  low  quartzite  hills  rise  from  its  general  level  and  attain  a  height 
perhaps  100  feet  greater.  Along  portions  of  the  western  and  southern 
borders,  notably  on  a  spur  west  of  the  New  Silver  Bell  mine,  an  almost 
horizontal  bench,  in  places  50.  to  100  feet  wide  but  generally  rather 
indistinct,  follows  along  the  side  slope  about  100  feet  below  the  level 
of  the  flat.  The  level  part  of  the  flat  is  deeply  mantled  with  soil,  but 
the  quartzite  buttes  are  covered  with  angular  blocks  of  the  underlying 
material. 

This  striking  sunotmit  surface  extends  across  the  rocks  of  the  area 
irrespective  of  their  attitude  or  composition.  The  intensely  metamor- 
phosed and  crumpled  schists  of  the  Algonkian,  the  generally  folded 
slates,  quartzites,  and  dolomitic  limestones  of  the  Paleozoic,  and  the 
comparatively  undisturbed  granitic  intrusions  of  the  late  Cretaceous 
or  early  Tertiary  have  all  united  to  form  the  present  high-level 
topography.     (See  PL  IV.) 

The  summits  of  the  area,  if  combined,  would  determine  an  undulat- 
ing plain,  differing  little  in  elevation  from  place  to  place  though  here 
truncating  resistant  beds  and  there  cutting  across  shales  and  schists. 
The  surface  could  have  resulted  only  from  erosion.  The  area  was 
reduced  nearly  to  base  level  for  the  region,  where  inequalities  in  rock 
resistance  no  longer  found  pronounced  expression  in  the  topography ; 
then  it  was  elevated  and  dissected  by  the  streams  which  now  drain  it. 

VALI2YS. 

The  valleys  of  the  area  are  of  two  types — those  now  occupied  by 
lavas,  tuffs,  and  lacustrine  deposits,  and  those  followed  by  the  present 
streams. 
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The  present  valleys  of  the  area  are  for  the  most  part  deep  an. 
narrow,  but  a  few  have  broad  floors  of  gravels  in  which  the  streani 
are  now  intrenched  to  a  depth  of  10  to  50  feet.  Valleys  of  this  sen 
are  locally  typified  by  those  of  Loon  Creek  and  Yankee  Foii:,  kt 
even  along  Salmon  River  renmants  of  deep  gravel  deposits  occur  b 
many  places,  Robinson  Bar  being  a  striking  illustration. 

The  valley  of  Sahnon  River  is  narrow  and  canyon-like  throughoi- 
most  of  its  extent,  but  about  Challis  it  widens,  affording  broad  sIor>»^ 
admirably  adapted  for  agriculture.  Antelope  Creek,  a  comparative!- 
insignificant  stream,  occupies  a  valley  vastly  wider  than  that  of  Sal- 
mon River  west  of  Big  Birch  Creek.  These  features  are  not  to  U 
accounted  for  by  difference  in  rock  formations  or  by  structure.  Th*" 
may  be  interpreted  only  in  the  light  of  a  complex  drainage  historr- 
a  history  which  can  be  worked  out  only  by  physiographic  studie 
broader  than  those  yet  undertaken. 

Largest  among  the  older  valleys  is  the  one  crossed  by  the  Ivers  Eo:.-: 
between  points  7  miles  south  and  5  miles  north  of  Loon  Crei 
Summit.  The  bedrock  of  this  old  valley  is  exposed  at  Sunbeam  at  &: 
elevation  of  7,000  feet,  but  elsewhere  it  was  not  seen.  If  the  Sunbf&i 
exposure,  which  is  almost  halfway  between  its  margins,  is  assumed : 
indicate  the  general  elevation  of  its  bed,  the  old  valley  is  about  3,<' 
feet  deep  and  is  now  filled  in  most  places  by  lavas  and  tuffs  throughc  u 
its  width  of  12  miles. 

About  Challis  the  Miocene  lake  beds  occupy  a  similar  depressia 
but  no  exposures  of  its  floor  are  known.  Similarly  sitiiatn. 
topographically  are  the  deposits  east  of  Bay  Horse. 

RELATION  TO  ADJACENT  TYPES. 

The  area  herein  described  is  a  part  of  that  great  plateau-like  expa^^ 
known  as  the  Sahnon  River  Mountains,  which  is  characterize 
throughout  by  even  •summits  and  deep,  narrow  canyons  carved  fn-i 
rock  formations  of  diverse  type  and  complex  structure.  Lem 
County,  to  the  north,  is  continuous  with  this  area  and  simi'i 
physiographically.  There  the  history  has  been  worked  out  in  sor 
detail  and  broad  correlations  have  been  made.^  The  discussion  Dr- 
not  be  repeated  in  this  bulletin,  though  the  general  conclusions  &: 
incorporated  below. 

The  old  erosion  surface  represented  by  the  summit  levels  of  t:. 
area  is  known  to  have  extended  over  much  of  Idaho  and  probal 
into  adjoining  parts  of  Montana,  Washington,  and  British  ColumH: 
It  has  been  assigned  to  the  Eocene,  both  because  of  the  relation 
Miocene  lake  deposits  to  it,  and  because  of  its  relation  to  the  Eor^ ' 
deposits  of  the  Northwest. 

1  Umpleby,  J.  B.,  Geology  and  ore  depoeita  of  Lembl  County,  Idaho;  Boll.  U.  S.  Geol.  Survey  N 
1013,  pp.  23-30;  An  old  erosion  surface  in  Idaho;  its  age  and  value  as  a  daUun  plane:  Jour.  GtiAo^.  > 
No.  2,  1912,  pp.  13(K147. 
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PHYSIOORAPHZO  HISTORY. 

The  record  of  the  physiographic  history  of  the  region  is  legible  for 
only  that  comparatively  small  portion  of  geologic  time  since  the  late 
Mesozoic.  Near  the  close  of  the  Cretaceous  period  extensive  regional 
elevation,  thought  to  have  been  accompanied  by  folding  and  great 
batholithic  intrusions,  rejuvenated  the  streams  and  inaugurated  a 
period  of  rapid  erosion  which,  by  the  close  of  Eocene  time,  had 
resulted  in  a  far-reaching  surface  of  gentle  topographic  forms.  The 
amoimt  of  this  early  Eocene  elevation  is  not  definitely  determinable, 
but  it  was  doubtless  a  few  thousands  of  feet,  possibly  comparable  to 
that  at  the  close  of  the  same  epoch. 

Elevation  at  the  close  of  the  Eocene  or  early  in  the  Oligocene  once 
more  rejuvenated  the  streams  of  the  area.  This  uplift  extended  over 
essentially  the  same  vast  area  as  the  former  one.  In  northwestern 
Custer  County  the  elevation  may  be  taken  as  about  8,000  feet,  or 
som.ewhat  less  than  the  difference  between  the  present  high-level 
surface  and  base  level  for  the  r^on.  During  the  Oligocene  epoch 
the  major  streams  developed  broad,  deep  valleys,  which  in  the 
Miocene  and  possibly  also  in  part  of  the  Pliocene  were  the  sites  of 
lava  flows  and  lacustrine  deposition. 

The  Pliocene  again  was  a  period  of  dominant  erosion.  Valleys  as 
much  as  4,000  or  4,500  feet  deep  were  locally  developed  in  the  Miocene 
rocks  and  later  shaped  by  glacial  ice. 

Ice  fields  covered  the  highlands  during  the  Pleistocene,  and 
glaciers  extended  down  the  valleys  to  elevations  between  6,500  and 
7,500  feet.  Below  these  elevations  glacial  waters  deposited  deep  and 
extensive  gravel  beds,  into  which  many  of  the  present  streams  are 
cutting. 

Erosion  ia  now  active  within  the  region,  and  perhaps  one-third  of 
the  task  of  reducing  it  once  more  to  an  area  of  gentle  topographic 
forms  has  been  accomplished,  this  in  spite  of  the  far-reaching  inter- 
ruptions of  the  Miocene  epoch. 

GENERAL.    GEOIjOGY. 

OUTLINE. 

The  oldest  rocks  exposed  in  northwestern  Custer  County  axe 
schists,  slates,  and  quartzites  of  Algonkian  age.  Unconformably  on 
these  rocks  in  the  eastern  and  locally  in  the  northwestern  part  of 
the  area  lies  a  great  series,  at  least  9,000  feet  thick,  of  Psdeozoic 
quartzites,  slates,  and  dolomitic  limestones.  TtiMe  were  not  further 
subdivided,  although  there  is  some  reason  for  ^MiM||yrt  they  range 
in  age  from  Cambrian  to  Devonian,  inclup^  ^^^^^^^^  *^^  ^^^^ 
the  older  rocks,  are  cut  by  large  intruii  --^'vtz 

98185**— Bull.  539—13 2 
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dionte,  and  diorite,  which  are  probably  outliers  of  the  great  batholiili 
that  invaded  central  Idaho  during  the  late  Cretaceous  or  e&iij 
Eocene  epoch. 

Dikes  of  granite,  granite  porphyry,  and  diorite  porphyry,  closelj 
related  in  age  to  the  granitic  rocks,  are  locally  abundant  in  tie 
western  part  of  the  area.  In  the  central  portion  and  along  tL^ 
eastern  margin  occur  vast  accumulations  of  Miocene  lava  and  ivS. 
which  occupy  old  erosion  valleys.  Morainic  material  covers  much  c: 
the  highland  area  and  extends  down  the  laiger  valley  to  elevation^ 
of  6,500  or  7,000  feet.  Locally  it  coalesces  with  outwash  gravel^ 
deposited  along  the  major  streams.     (For  distribution,  see  map,  PL  L 

ALOONXIAN  ROCKS. 

DistriJnUian. — ^Algonkian  rocks  are  widely  distributed  in  the  north- 
western  and  south  central  parts  of  the  area  included  in  the  reoi:>2> 
naissance.  Perhaps  the  best  exposures  of  these  rocks  are  aloLt 
Salmon  River,  between  Thompson  and  Cold  Spring  creeks,  where  fcr 
a  distance  of  about  6 'miles  outcrops  are  almost  continuous.  For 
about  4  miles  along  Yankee  Fork,  south  from  Sawmill  Creek,  aan 
about  the  junction  of  Canyon  Creek  with  Loon  Creek,  there  axe  ako 
numerous  exposures. 

Ch/micteristics. — ^The  Algonkian  rocks  comprise  an  intensely  meta- 
morphosed series  of  sedimentary  deposits,  in  which  schistosity  is  w^ I 
developed,  in  many  places  to  the  concealment  of  bedding  structuif. 
Where  the  attitude  of  the  beds  is  determinable,  however,  steep  dip?, 
usually  away  from  north-south  axes,  prevail. 

The  stratigraphic  sequence  of  the  series  could  not  be  carefullj 
worked  out  in  the  short  time  available.  Along  Yankee  Fork  perhaps 
2,000  feet  of  beds  dipping  steeply  southwestward  are  exposed  between 
the  lavas  on  the  north  and  the  granite  on  the  south.  The  lower  par 
is  dark-gray  medium-grained  quartzite,  and  the  upper  part  is  coil- 
posed  of  thin-bedded  blue-black  micaceous  slates.  About  Ivers  tit 
series  comprises  sericitic  and  chloritic  schists  with  interbedded  siliee 
ous  bands.  The  three  f  acies  of  the  series — schists,  slates,  and  qu&rt2- 
ites — outcrop  in  the  Salmon  River  section.  In  the  western  portis 
of  this  exposure  bluish-gray  fine-grained  quartzites  are  cut  oSh 
granite.  Below  the  quartzites  are  dull  black,  slightly  crumpled  slater, 
which  dip  80°  W.  and  outcrop  along  the  road  for  about  4,000  feet. 
East  of  these  slates  micaceous  schists  continue  to  the  area  about  th^ 
mouth  of  Thompson  Creek,  beyond  which  Paleozoic  formations  com^ 
in.  The  relation  of  the  schists  to  the  slates  was  not  observed,  althongt 
it  is  believed  that  they  occur  lower  in  the  stratigraphic  column. 

(hrrdatian. — Close  correlation  of  these  old  metamorphic  rocks  i? 
not  possible  from  the  incidental  attention  given  them  during  thes^ 
studies.    From  their  lithologic  character  and  degree  of  metamce* 
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phssni;  however,  there  is  no  doubt  that  they  are  part  of  the  same 
general  series  which  is  widely  exposed  to  the  north  in  Lemhi  Coimty. 
The  rocks  there  foimd  fall  into  divisions  which  accord  roughly  with 
the  Coeur  d'Alene  Algonkian  section,^  and  it  is  believed  that  careful 
study  would  reveal  approximately  the  same  sequence  here. 

PAI^BOZOIC  BOOKS. 

Distribution. — Beds  of  Paleozoic  age  are  widely  exposed  in  the 
eastern  half  of  the  area  mapped  and  also  occur  in  a  small  area  south  of 
Ivors  in  the  northwestern  portion.  The  best  exposures  are  along 
Salmon  River,  from  Thompson  Creek  to  East  Fork,  and  in  the  walls 
of  Bay  Horse  Canyon. 

Structure. — ^The  eastern  area  only  was  studied  even  in  moderate 
detail.  Here  three  large  anticlines  and  two  synclines  characterize 
the  structure.  The  west  anticline,  later  referred  to  as  the  Clayton 
anticline,  forms  a  broad  arch  between  Clayton  and  Squaw  Creek. 
On  the  eastern  limb  the  dips  are  about  80^,  and  on  the  western  about 
45®.  Beds  which  reach  the  river  level  at  points  2  miles  apart  are 
approximately  2,000  feet  above  it  along  the  axis  of  the  anticline.  A 
similar  structural  feature  about  4  miles  wide  but  with  maximum  dips 
to  the  west  and  east  of  30°  and  40°  respectively  spreads  between 
Clayton  and  East  Fork.  It  is  across  this  anticline  that  the  erosion* 
surface  of  Poverty  Flat  extends.  The  third  and  most  important 
anticline,  because  of  its  relation  to  the  ore  deposits,  extends  in  a  north- 
south  direction  through  the  Bay  Horse  district,  and  is  designated  the 
Bay  Horse  anticline.  On  its  east  limb  the  beds  dip  about  40°  and 
on  its  west  about  80°.  Northward  within  2  miles  the  arch  flattens, 
and  at  the  same  distance  beyond  the  beds  are  almost  horizontal. 

LOhdogy. — ^The  Paleozoic  section  is  perhaps  best  exposed  in  the 
north  wall  of  Bay  Horse  Canyon.  At  Bay  Horse  the  beds  are  almost 
iiorizontal,  and  in  a  single  cliff  at  the  mouth  of  Beardsley  Creek  about 
1,000  feet  of  the  section  is  exposed  as  follows:  At  the  base  lies  300 
'eet  of  thinly  laminated  dark  bluish-gray  slate,  minutely  crumpled 
but  without  slaty  cleavage.  Above  this  is  500  feet  of  rather  massive 
i>eds  of  dolomitic  limestone  of  diverse  purity,  in  some  places  a  dolo- 
nite,  in  other  places  limestone,  and  in  still  others  either  argillaceous 
>r  siliceous.  This  grades  into  a  thin-bedded  slate,  about  200  feet  of 
?7hich  is  here  exposed.  Westward  from  Bay  Horse  the  beds  are 
learly  horizontal  for  about  a  mile  and  in  the  southeast  face  of  Demo- 
;rat  Hill  the  section  may  be  continued.  Here  the  slate,  which  is 
^00  feet  thick  in  the  other  exposure,  is  600  feet  thick,  and  is  overlain 
yy  dolomitic  limestone  1,300  to  1,500  feet  thick.  About  2  miles 
tbove  Bay  Horse  the  beds  assume  a  steep  westerly  dip  and  tliis 

1  Ranaome,  F.  L.,  and  CaUdns,  F.  C,  The  geology  and  ore  deposits  of  the  Coeor  d'Alene  district,  Idaho; 
>ro£.  Paper  U.  8.  GeoL  Survey  No.  62, 1906,  p.  27. 


20  0B£  DEPOSITS  IN  CUSTEB  COUNTY,  IDAHO. 

limestone  in  a  short  distance  descends  to  the  creek  leveL  Beyood 
is  a  monotonous  succession  of  thin-bedded  slates  in  which  sI&tT 
cleavage  is  in  many  places  more  conspicuous  than  the  bedding  pIuMs. 
These  slates  continue  for  1^  miles  and  are  cut  off  by  granite.  Th^ 
average  dip  is  possibly  35^,'  which  if  duplication  by  faulting  be  negii- 
gible,  as  is  thought  to  be  the  case,  indicates  a  thickness  of  more  tba 
4,000  feet.  Thus  the  Paleozoic  section  as  exposed  in  Bay  Horse 
Canyon  is  thought  to  be  about  7,000  feet  thick. 

In  the  walls  of  Salmon  Canyon,  above  Clayton,  are  maseive  fiai- 
lying  quartzites,  which  extend  from  the  water  line  upward  possibj 
2,000  feet  and  underlie  200  or  300  feet  of  massive  blue  dolomitk 
limestone.  These  beds  do  not  appear  in  the  Bay  Horse  sectitsi 
Thus  the  total  thickness  of  the  Paleozoic  section  as  exposed  in  tb 
area  is  more  than  9,000  feet,  including  neither  top  nor  bottom,  an: 
with  an  unspanned  break  between  the  two  sections  studied. 

It  is  possible  that  the  4,000  feet  of  slates  which  outcrop  aboT^ 
Bay  Horse  may  prove  to  be  Algonkian,  separated  from  the  Paleozo^ 
rocks  east  of  them  by  a  fault,  but  this  is  thought  improbable,  th 
only  suggestion  of  the  relation  being  their  greater  metamorphism. : 
metamorphism  more  likely  resulting  from  the  granite  intrusion  thk. 
from  the  diastrophism  which  preceded  the  Paleozoic  era.  A  f&ul 
does  cross  the  canyon  a  short  distance  above  Bay  Horse,  but  u^ 
meager  evidence  secured  favors  a  downthrow  on  the  west.  (See  R 
V,5.) 

OorrdcUian. — Lithologically  the  rocks  here  found  agree  closely  fritl 
the  Paleozoic  formations  of  the  Gilmore  section,  Lemhi  Counti 
There  the  section  comprises  between  5,000  and  6,000  feet  of  bed* 
iacluding  2,000  feet  or  more  of  fijie-grained  Cambrian  quartzite,  5'' 
feet  of  massive  Ordovician  dolomitic  limestone,  300  feet  of  mas&r 
Silurian  (?)  dolomitic  limestone,  2,000  feet  of  thin-bedded  Devonk 
dolomitic  limestone,  and  at  least  300  feet  of  massive  blue  limesto:' 
of  Mississippian  age.    Comparing  the  two*  sections,  it  seems  prob&l: 
that  the  quartzite  exposed  above  Clayton  agrees  with  the  Cambru' 
quartzite  at  Gilmore.    The  200  to  300  feet  of  massive  blue  dolom:* 
limestone  above  it  may  thus  be  tentatively  correlated  with  t 
Ordovician  at  Gilmore,  with  which  it  corresponds   lithologicai 
That  portion  of  the  section  at  Bay  Horse  does  not  agree  cloeely  w: 
any  part  of  the  Gilmore  section.     In  the  Bay  Horse  section  there  is : 
group  of  limestone  beds  free  from  dolomite,  which  affords  some  ba^- 
for  thinking  that  the  Mississippian,  which  constitutes  the  top  of  i- 
Gilmore  section,  is  absent.    Thus  it  seems  most  probable  tliat  ti 
Bay  Horse  section  falls  between  the  Ordovician  and  Mississqipiai^" 
that  is,  that  the  beds  probably  represent  the  Silurian  and  Dcvoaii: 

-■  -  '  r  '  II         —' 

1  Umpleby,  J.  B.,  Geology  and  ore  deports  of  Lemhi  County,  Idaho:  BolL  U.  8.  Q«oL  Smrrj  S:^  ^ 
1913,  pp.  32-35. 
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If  this  is  true,  however^  tliese  systems  are  vastly  thicker  than*  at 
Qilmore.  In  later  work  it  might  be  well  to  entertain  as  a  field  hy- 
pothesis the  possibility  that  the  slates  west  of  Bay  Horse  are  Pennsyl- 
yanian  and  that  the  Mississippian  is  there  faulted  down  by  the  dis- 
placement believed  to  extend  northwest  across  the  canyon  above 
Bay  Horse. 

Fossils  were  not  found,  but  as  only  incidental  search  for  them  was 
made,  it  is  not  unlikely  that  the  problem  may  be  ultimately  solved 
on. fossil  evidence.  For  the  present  the  beds  are  simply  assigned 
to  the  Paleozoic,  the  closer  correlations  being  merely  suggestions. 

LATE  OBETAGBOUS  0&  BARi;7  EOCBNB  PLI7TONIC  BOCKS. 

DISTRIBUTION. 

Plutonic  rocks  appear  at  the  surface  in  the  northwestern  and 
south-central  parts  of  the  area  mapped,  also  at  three  localities  in 
the  eastern  part.  In  the  Ijoon  Creek  district  a  great  batholith  of 
quartz  diorite  extends  into  the  district  from  the  west  and  again 
outcrops  as  quartz  monzonite  in  a  belt  about  6  miles  wide  along  its 
eastern  border.  The  lai^est  area  of  plutonic  rock  is  perhaps  that 
near  the  junction  of  Yankee  Fork  and  Salmon  River.  The  main 
stream  in  this  locality  flows  between  rugged  walls  of  granite  for  14 
miles  below  this  junction.  Northward  the  area  continues  for  2^ 
miles,  but  to  the  south  and  west  its  extent  was  not  determined.  In 
the  Bay  Horse  district  there  are  three  small  areas  of  plutonic  rocks. 
The  largest  is  granite,  which  comprises  a  north-south  belt  about  a 
mile  .wide  that  crosses  the  upper  end  of  Bay  Horse  Canyon.  The 
other  two  are  diorite,  and  each  ia  about  three-fourths  of  a  mile  wide; 
one  crosses  Einnikumick  Canyon  4  miles  above  Clayton,  and  the 
other  traverses  Salmon  Canyon  3  miles  below  Clayton. 

VABIETIBS. 

The  several  areas  of  granitoid  rocks  differ  markedly  in  composition 
Eind  in  the  following  paragraphs  will  be  described  separately.  The 
rocks  were  studied  hastily  in  the  field  and  the  specimens  secured 
[nay  not  be  altogether  typical.  Granite,  quartz  monzonite,  quartz 
liorite,  and  diorite  are  represented. 

Granite. — Granite  occurs  about  the  mouth  of  Yankee  Fork  and  near 
iho  head  of  Bay  Horse  Canyon.  Specimens  from  the  former  locality 
ire  light  gray  to  pink  in  color,  medium  grained,  and  about  equi- 
i;ranular,  but  locally,  as  near  Robinson  Bar,  there  is  a  marked 
)henocrystic  development  of  orthodase,  individual  crystals  attaining 
in  inch  or  more  in  length.  Megascopically  the  rock  is  characterized 
>y  its  light  color  and  the  small  amount  of  biotite  compared  with  the 
^ther  granitoid  rocks  of  the  area.    Microscopically  examined,  it  is 
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seen  to  contain  the  following  minerals,  named  in  order  of  decreasing 
amount:  Orthoclase,  quartz,  microcline,  biotite,  albite,  oligoclase, 
micropegmatite,  muscovite,  apatite,  magnetite,  and  rutile.  Some  of 
the  feldspars  show  zonal  grovrth  from  albite,  possibly  also  oligoclase, 
at  the  center  to  orthoclase  on  the  mai^ins.  The  granite  from  Bay 
Horse  Canyon  is  coarse  textured  and  contains  much  more  biotite. 
It  is  dark  gray  in  color.  Although  orthoclase  is  by  far  the  most 
abundant  feldspar  in  this  rock,  albite  and  oligoclase  are  both  preset 
in  amounts  about  equal  to  the  quartz  and  biotite.  Hornblende, 
micropegmatite,  magnetite,  and  apatite,  may  be  considered  accessory. 

Quartz  momonite, — ^A  rock  intermediate  in  composition  between  the 
granite  and  quartz  diorite  comprises  a  large  area  west  of  Loon  Creek 
Summit.  It  is  commonly  medium  gray  in  color,  though  locally, 
as  near  the  mouth  of  East  Mayfield  Creek,  it  is  dark  gray.  The 
darker  shades  are  due  to  excessive  amounts  of  biotite.  In  places 
gneissoid  structure  is  well  developed,  but  this  appears  only  along 
local  zones  of  shearing.  In  the  thin  sections  studied  orthoclase  and 
plagioclase  (oligoclase  and  less  albite)  are  about  equally  abundant. 
Quartz  is  almost  constant  in  amount  and  biotite  may  be  either  much 
less  or  much  more  abtmdant  than  the  quartz.  Apatite,  titanite,  and 
magnetite  are  the  more  important  accessory  minerals. 

Quartz  diarUe. — Quartz  diorite  is  widely  exposed  south  and  west  of 
Ivors.  It  is  a  dark  bluish-gray  equigranular  rock,  rich  in  biotite.  It 
contains  abundant  plagioclase  (oligoclase  and  andesine),  much 
quartz,  about  an  equal  amount  of  biotite,  and  a  little  orthoclase. 
Hornblende,  apatite,  and  titanite  are  accessory  constituents. 

Diorite. — ^The  diorite  in  Kinnikinnick  Canyon  was  only  seen  as  float 
along  the  east  wall,  where  it  is  continuous  for  about  three-fourths  of  a 
mile.  The  rock  is  fine  grained,  equigranular,  and  of  dark  greenish- 
gray  color.  The  feldspars  have  approximately  the  composition  of 
andesine  and  occur  as  interlocking  lath-shaped  crystals.  Hornblende 
is  abundant  and  olivine  and  augite  are  almost  equal  to  it  in  amount. 

The  other  area  of  diorite  occurs  east  of  Clayton.  Here  the  rock  is 
extensively  sheared  and  so  highly  altered  that  microscopic  study 
adds  little  to  the  field  diagnosis.  Its  texture  is  equigramdar  and  it 
consists  of  andesine  and  ferromagnesian  minerals,  the  latter  com- 
pletely changed  to  chlorite  and  calcite.  Its  gneissoid  structure 
suggests  that  it  is  older  than  the  other  intrusive  masses,  but  as  older 
igneous  rocks  were  not  found  in  the  area  it  is  grouped  with  the  late 
Cretaceous  or  early  Eocene  plu tonic  rocks. 

AGE  AND   CORRELATION. 

The  plutonic  rocks  of  northwest  Custer  Coimty  extend  up  to  the 
level  of  the  Eocene  erosion  surface  and  hence  must  have  invaded 
the  area  before  the  close  of  the  Eocene.    On  the  other  hand  the 
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youngest  rocks  which  they  cut  are  the  Paleozoic  sediments,  so  that 
their  local  geologic  relations  show  only  that  they  are  later  Paleozoic, 
Mesozoic,  or  very  early  Cenozoic.  Broader  considerations,  how- 
ever,  permit  their  age  to  be  rather  definitely  fixed. 

Batholithic  intrusions  are  widespread  in  Idaho.  In  the  central 
part  of  the  State  is  a  granitic  mass  more  than  20,000  square  miles 
in  extent.  Numerous  smaller  areas  have  been  considered  outliers 
from  it.  Some  of  these  granites  are  of  the  same  composition,  others 
are  more  basic,  and  in  one  locality  granite  and  diorite  have  been 
found  to  grade  into  each  other.^  For  these  reasons,  and  because 
nowhere  in  the  State  have  batholithic  intrusions  of  mdelj  different 
age  been  recognized,  it  is  believed  that  these  several  types  of  rock 
date  from  the  same  general  period  of  intrusion  and  are  of  the  same 
age  as  the  great  Idaho  batholith.  This  batholith  has  been  assigned 
on  what  are  believed  to  be  sound  deductions  to  the  late  Cretaceous 
or  very  early  Eocene,*  and  it  is  therefore  concluded  that  the  batho- 
Uthic  intrusions  of  Custer  County  are  also  of  that  age. 

EABLY  EOCENE  DIKES. 
DISTRIBUTION. 

Dikes  are  abundant  only  in  the  northwestern  part  of  the  area,  in 
the  inunediate  vicinity  of  I  vers,  where  10,  averaging  perhaps  30 
feet  in  width,  have  been  encountered  in  the  workings  of  the  Lost 
Packer  mine.  Most  of  these  dikes  are  approximately  parallel  and  dip 
northwest  at  about  40°.  In  the  Yankee  Fork  district  dikes  of  this 
age  were  not  recognized,  and  in  the  Bay  Horse  district  but  one 
was  noted.  This  is  a  narrow  intrusion  which  appears  in  the  lowest 
tunnel  of  the  Ramshom  mine. 

VARIETIES. 

The  dikes  fall  into  three  general  groups — granite,  granite  por- 
phyry, and  diorite  porphyry.  Included  in  the  last  is  the  peculiar 
rock  which  occurs  in  the  Ramshom  mine  and  which  is  designated 
in  augite  melaphyre.    The  several  groups  will  be  briefly  described. 

Ghraniie. — Granite  dikes,  in  places  30  feet  wide  but  generally  about 
,0  feet  across,  parallel  the  ore  body  on  the  hanging-wall  or  footwall 
iide  in  parts  of  the  Lost  Packer  mine.  The  rock  has  been  greatly 
rushed,  but  the  constituent  minerals  are  readily  determinable.  It 
3  light  gray,  inequigranular — due  to  a  phenocrystic  development  of 
h©    feldspars— and  consists  of  microcline,  orthoclase,  quartz,  and 

1  'LJjidgna,  Waldemar,  The  gold  and  aUver  veins  of  Silver  City,  De  Lamar,  and  othv  n>fa«T^  diatiieta 
IdAlio:  Twentieth  Ann.  Rept.  U.  8.  Oeol.  Survey,  pt  3,  IWO,  p.  105. 

a  U xnpleby,  J.  B.,  An  old  erodoo  aoifMe  In  Idaho;  its  age  and  vvlue  aa  a  datum  plane:  Jour.  Geology,  v«L 
X4o-  2, 1912,  pp.  139-147. 
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muscovite,  decreasingly  abundant  in  the  order  named.  Ferro- 
magnesian  constituents  are  rare. 

Graniie  porphyry. — Granite  porphyry,  younger  than  the  granite 
dikes  (jGg.  4,  p.  95),  occur  in  the  Lost  Packer  mine  as  flat-lying 
bodies  20  to  40  feet  wide.  It  is  a  medium-gray  rock  with  pheno- 
crysts  and  groundmass  about  equal.  The  degree  of  alteration  of  the 
specimens  studied  leaves  some  doubt  as  to  whether  the  rock  might 
not  better  be  called  a  quartz  monzonite.  Most  of  the  feldspars 
seem  to  have  an  index  lower  than  Canada  balsam,  but  a  few  are 
certainly  higher.    Quartz  exceeds  biotite  and  hornblende  is  rare. 

DiorUe  porphyry. — Several  flat-lying  dikes  of  diorite  porphyry 
about  20  feet  wide  occur  in  the  Lost  Packer  mine.  They  are  inter- 
mediate in  age  between  the  granite  and  granite  porphyry.  The 
rock  is  dark  gray,  rather  mottled  by  the  lighter-gray  feldspar  crystals. 
The  feldspars  are  predominantly  andesine,  though  in  some  of  the 
thin  sections  labradorite  appears  and  in  others  oligoclase.  Biotite 
is  abundant,  though  in  few  specimens  conspicuous.  Quartz  and 
apatite  are  the  principal  accessory  minerals.  Locally,  as  in  No.  3 
tunnel,  marginal  phases  of  the  rock  contain  a  Ifu^e  amount  of  augite. 

The  small  dike  that  is  cut  about  200  feet  from  the  face  of  the  lowest 
Ramshom  tunnel  differs  from  the  others  in  that  augite,  its  only 
recognized  mineral,  studs  a  groundmass  itself  containing  much  augite. 
A  few  other  phenocrysts,  now  completely  altered^argely  to  calcite — 
were  probably  feldspars. 

AGE   OF  THE  DIKES. 

All  the  dikes  above  described  are  cut  by  the  Eocene  erosion  sur- 
face. On  the  other  hand  the  granite  dikes  are  probably  almost 
contemporaneous  with  the  granitic  batholiths;  if  there  is  any  differ- 
ence in  age,  they  are  a  little  younger.  The  other  dikes  are  still  younger 
than  these.  As  the  granitic  rocks  are  assigned  to  the  late  Cretaceous 
or  early  Eocene  the  dikes  are  thus  believed  to  have  entered  during 
the  early  part  of  the  Eocene  epoch.  It  further  follows  that  they 
entered  in  fairly  rapid  succession,  the  sequence  being  granite,  diorite 
porphyry,  granite  porphyry. 

MIOCENE  VOLCANIC  ROCKS. 
DISTRIBUTION    AND  CHARACTER. 

Lavas  and  tuffs  extend  as  a  broad  belt  northeast  through  the 
central  part  of  the  area  covered  by  this  reconnaissance.  They  fill 
completely  an  Oligocene  erosion  valley  which,  where  traversed  by 
the  road  to  Ivers,  is  12  miles  wide  and  about  3,000  feet  deep.  Lavas 
and  tuffs  also  form  broad  areas  in  the  northeastern  and  eastern  parts 
of  the  Bay  Horse  district.     Here  also  they  occupy  erosion  valleys, 


GENERAL  GEOLOGY.  25 

but  in  no  place  were  they  seen  to  reach  the  level  of  the  Eocene 
surface. 

The  general  sequence  of  volcanic  rocks  seems  to  be  andesites  and 
latites,  followed  by  andesitic  and  rhyolitic  tuffs,  and  these  in  turn 
followed  by  basalte.  Tn  the  western  part  of  the  Yankee  Fork  dis- 
trict the  series  is  chiefly  tuff,  but  east  of  Custer  lava  flows  appear 
in  the  canyon  sides  through  a  vertical  range  of  several  hundred  feet. 
The  extrusive  rock  above  the  Tjost  Packer  mine  is  quartz  latite,  and 
that  near  the  lower  end  of  the  Loon  Creek  placers  is  andeslte.  About 
Challis  and  east  of  Bay  Horse  both  lavas  and  tuffs  are  abundant, 
and  in  them  the  major  sequence  is  from  lavas,  presumably  andesites, 
to  tuffs.  East  of  Bay  Horse,  however,  basalt  dikes  cut  the  tuffaceous 
material  and  locally  spread  out  as  flows  on  its  upper  siurf  ace. 

The  dearth  of  rhyolites  in  this  area  is  in  striking  contrast  to  the 
great  amount  of  this  rock  which  appears  about  Parker  Mountain, 
in  Lemhi  County.*  The  two  areas  are  said  to  be  continuous,  yet 
the  prevailing  type  of  rock  is  very  different.  In  each  locality  2,000 
feet  or  more  of  the  series  is  exposed.  About  Salmon,  still  farther 
north,  however,  andesites  are  abundant,^  and  this  area  also  is  be- 
lieved to  be  continuous  with  that  at  Parker  Mountain.  The  several 
rocks  will  be  described  briefly. 

ANDESITES   AND   LATFTES. 

Latite  was  not  recognized  from  microscopic  examination,  but  one 
specimen,  thought  from  the  thin  section  to  be  a  dacite,  proved  on 
partial  analysis  to  contain  3.26  per  cent  of  potassium  oxide,  and 
another,  which  appeared  to  be  a  normal  andesite,  was  found  to 
contain  3.86  per  cent  of  potassium  oxide.  (See  p.  26.)  In  these 
specimens,  the  only  ones  analyzed,  the  potash  is  evidently  in  the 
groundmass,  which  leads  to  the  belief  that  many  of  the  rocks  herein 
described  as  andesites  will  prove,  on  chemical  analysis,  to  be  latites. 
Thus  the  two  groups  are  described  jointly. 

The  rocks  range  in  color  from  dark  gray  through  various  shades 
of  purple  to  bluish  black,  perhaps  a  brownish-gray  variety  being 
most  abundant.  Phenocrysts  and  groundmass  comprise  about  equal 
areas.  The  minerals  of  the  groundmass  are  determinable  in  but  few 
specimens.  Among  the  phenocrysts  feldspar  predominates,  though 
some  ferromagnesian  mineral  is  generally  conspicuous.  The  feldspars 
are  commonly  oligoclase  and  andesine,  but  a  few  crystals  of  labrador- 
ite  are  present.  In  a  specimen  taken  near  Jensen's  bridge,  in  the 
Bay  Horse  district,  hypersthene,  biotite,  and  augite  occur  with  ande- 
sine. A  rock  from  the  mouth  of  Jordan  Creek  contains  much  pyrox- 
ene and  a  little  olivine.     In  another  specimen,  obtained  near  the 

1  Umpleby,  J.  B.,  OMlogy  and  ore  deposits  of  Lemhi  County,  Idaho:  BuIL  U.  S.  OeoL  Survey  No.  528, 
19ia,p.47. 
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Badger  mme,  augite  is  abundant.  A  dark-gray  rock  at  the  head  of 
Bay  Horse  Canyon  contains  conspicuoiis  amounts  of  biotite  and  horn- 
blende. Partial  analyses  of  two  of  the  rocks  included  in  this  group 
appec^  below: 

Pcartial  analyses  of  volcanic  rocks  from  northtoestem  Custer  County ,  Idaho. 

[R.  C.  Wells,  analyst.] 
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1.  Latite,  taken  from  roadside  1  mile  below  Sunbeam.  Phenocrysts>'  < mlcrocrystalllne  groandmasL 
Feldspar  AbisAns.  A  little  augite  as  small  anhedral  crystals.  Biotite  and  magnetite  aooenory.  Qdcite 
and  iron  oxide  secondary. 

2.  Quarts  latite.  taken  above  Lost  Packer  mine.  Phenocrysts<cryptocr78ta]line  (roandmaas.  Fdd* 
spar  about  AbnAnio.  Scattered  grains  of  quarts  and  less  biotite.  Chlorite,  calcite,  and  iron  oxide  sec> 
ondary. 

8.  Khyolitic  tulf ,  taken  on  west  slope,  200  feet  below  Loon  Creek  Summit,  at  roadside.  Very  fine  grained, 
ttagmental,  mostly  glass.   A  few  feldspar  grains,  all  with  higher  index  of  retraction  than  Oaoada  Mlsam. 

TUFFS. 

The  tuffs  of  the  area  are  fine-grained  rocks  of  duil-white  to  reddish 
color  and  generally  form  steep  chalky  white  slopes.  They  are  well 
exposed  on  the  west  face  of  Estes  Mountain,  where  for  several  hun- 
dred feet  below  its  summit  vegetation  is  meager.  In  the  Yankee  Fork 
district  the  tuffs  are  commonly  massive,  but  about  Challis  they  are 
thin  bedded  and  interstratified  with  seams  of  clay  that  are  again 
referred  to  in  connection  with  the  lacustrine  deposits. 

The  tuffs  are  conmionly  fine  grained  and  composed  of  angular 
fragments  of  glass,  quartz,  and  feldspar,  together  with  a  few  needles 
of  hornblende  and  scales  of  biotite.  The  feldspar  grahxs  are  com- 
monly striated  and  have  an  index  of  refraction  higher  than  Canada 
balsam,  but  the  only  specimen  submitted  for  partial  analysis  con- 
tains 3.80  per  cent  of  potash  and  less  than  1  per  cent  each  of  soda 
and  Ume.  It  is  clearly  a  rhyolitic  tuff.  That  some  of  the  tuff, 
however,  is  andesitic  or  at  least  latitic  is  shown  by  the  abundance  of 
the  striated  feldspar  fragments.  The  tuffs  near  Challis  have  been 
described  petrographically  by  A.  A.  Julien.* 

AGE  OF  THE  LAVAS  AND  TUFFS. 

The  lavas  and  tuffs  of  northwest  Custer  County  are  assigned  to  the 
Miocene  for  the  following  reasons:  They  occupy  valleys  developed 
after  the  elevation  of  the  Eocene  erosion  surface.  If  the  Oligocene 
be  allowed  for  the  development  of  these  valleys  the  lavas  and  tuffs 
are  post-Oligocene.     On  the  other  hand,  glacial  ice  occupied  the 

1  Vcdcanic  tufis  of  Challis,  Idaho:  Trans.  New  York  Acad.  Sci.,  vcd.  1, 1882,  pp.  4»-{3. 
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upper  parts  of  the  valleys  carved  iii  the'volcanic  rocks.  Some  of  these 
preglacial  valleys,  as  Yankee  Fork  and  Jordan  Creek,  are  3,000  feet 
or  more  deep.  It  therefore  seems  probable  that  much  of  Pliocene 
time  was  consumed  in  their  development. 

MIOCENE  I«ACUSTBINE  DEPOSITS. 

Distribution. — ^Lacustrine  deposits  occur  in  the  northeastern  and 
eastern  portions  of  the  area  studied.  The  northern  area  comprises  an 
irregular  belt  about  10  miles  across,  with  tongues  reaching  up  the 
several  valleys  tributary  to  the  basin  in  which  Challis  is  situated. 
To  the  south,  west,  and  north  the  lake  beds  give  way  to  lava  flows, 
but  to  the  southeast  they  connect  across  a  low  divide  at  the  head  of 
Antelope  Valley,  with  similar  deposits  in  the  valley  of  Big  Lost  River. 
The  area  east  of  Bay  Horse  is  of  peculiar  shape,  but  seems  to  have  an 
outward  continuation  south  of  Antelope  Ridge. 

Churdcter. — Perhaps  the  best  exposures  of  these  beds  are  along  the 
east  bank  of  Salmon  River  below  ChalUs.  Here  the  bluffs  are  about 
200  feet  high,  and  as  seen  from  across  the  river  are  made  up  of  light 
gray  sandstones,  probably  tuffaceous,  and  dove-colored  shales. 
Conglomeratic  members  are  sparsely  and  irregularly  distributed 
through  the  section.  The  beds  vary  in  thickness  from  less  than  an 
inch  to  several  feet.  Lx  bluffs  north  of  Challis  tuffaceous  material, 
generally  very  fine  grained  and  of  green,  gray,  and  white  color,  pre- 
dominates.   It  is  nicely  bedded,  in  places  thinly  laminated. 

The  hurried  observations  afforded  little  idea  of  the  thickness  of  the 
deposits,  although  it  must  unquestionably  be  hundreds  of  feet. 

Age, — ^Fossils  were  not  found  in  this  area,  but  the  topographic  rela- 
tion of  these  beds  is  similar  to  those  at  Salmon,  which  were  assigned 
to  the  Miocene  on  floral  evidence.^ 

PLEISTOCENE  DEPOSITS. 

Morainic  material. — ^The  highland  parts  of  the  area  in  most  places 
are  covered  by  loose  unsorted  rock  material,  locally  overlying  dis- 
tinctly striated  rock  surfaces.  The  innumerable  valleys  and  canyons 
which  head  at  elevations  greater  than  7,500  or  8,000  feet  are  termi- 
nated by  cirques,  widely  different  in  size  and  many  of  them  occupied 
by  small  lakes.  Below  these  the  canyons  are  U-shaped,  strewn 
unequally  with  detrital  material,  and  in  many  places  followed  by  low 
hununocky  ridges  roughly  parallel  to  the  base  of  the  walls.  Deposits 
of  this  sort  extend  down  the  larger  vaUeys  to  elevations  of  about 
7,000  feet,  rarely  to  6,500  feet,  as  in  Bay  Horse  Canyon. 

These  several  features  clearly  indicate  glacial  action.  The  ice 
probably  covered  all  the  areas  above  8,000  feet  and  attained  the  lower 
levels  only  in  the  form  of  alpine  glaciers. 

1  Umideby,  J.  B.,  Geology  aad  ore  deposits  of  Lemhi  County,  Idaho:  Bull.  U.  S.  Qeol.  Survey  No.  528, 
19t3,  pp.  38-a9. 
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Outwaah  rruUerial. — The  valleys  of  Yankee  Fork  from  Custer  to 
Salmon  River  and  of  Loon  Greek,  at  least  from  Cottonwood  Creek 
headward  for  10  or  12  miles,  are  fiUed  to  a  maximum  known  depth  of 
90  feet  (see  p.  80)  with  roughly  sorted  rounded  to  subangular  material 
derived  from  the  adjacent  highlands.  These  deposits  indicate  a 
change  from  conditions  of  erosion,  as  shown  by  the  existence  of  the 
valleys  which  they  occupy,  to  conditions  of  deposition;  there  was  a 
transition  from  degradation  to  aggradation.  Such  a  change  may  take 
place  conceivably  in  many^ways,  but  the  essential  factor  must  be 
either  a  decrease  in  stream  velocity  or  an  excess  of  available  material. 
The  presence  of  the  deposits  in  great  valleys  developed  within  areas 
of  Miocene  lavas  shows  that  the  deposits  are  Pliocene  or  later. 

Erosion  preceded  the  formation  of  the  deposits  and  erosion  is  now 
removing  them,  hence  it  is  reasonable  to  look  to  the  Pleistocene,  a  pe- 
riod of  special  climatic  conditions,  for  an  explanation  of  their  presence. 
At  this  time  glacial  ice  operating  on  the  highlands  and  within  the  up- 
per parts  of  the  valleys  was  loosening  and  grinding  up  vast  quantities 
of  material,  some  of  which  has  not  yet  been  removed.  During  the 
general  period  of  ice  advance  much  of  this  was  covered  by  the  ice  and 
protected,  although  even  then  vast  amounts  of  material  were  doubt- 
less available  for  transportation.  Not,  however,  until  the  general 
period  of  ice  recession  commenced  did  the  supply  of  available  material 
reach  its  maximiun,  and  at  this  time,  also,  the  run-off  from  the  glacier 
areas  was  greatest,  and  the  streams  fully  loaded  in  their  upper,  swifter 
portions,  must  have  deposited  their  load  farther  downstream,  where 
the  gradient  was  less.  It  is  therefore  believed  that  the  great  gravel 
deposits  of  Loon  Creek  and  Yankee  Fork  valleys  are  of  late  Pleistocene 
age. 

BftSXTMft  OF  aEOIiO0IC  HZSTO&Y. 

The  earlier  geologic  history  of  northwestern  Custer  County,  Idaho, 
comprises  a  record  of  long-continued  sedimentation,  followed  by 
strong  regional  metamorphism  and  erosion  in  the  pre-Cambrian.  In 
the  Paleozoic,  again,  sedimentation  was  the  dominant  feature,  and 
some  time  after  its  close  great  dynamic  movements  developed  folds 
whose  limbs  now  commonly  dip  about  45^  away  from  general  north- 
south  axes.  In  so  far  as  the  record  is  legible,  erosion  was  the  dominant 
feature  during  the  Mesozoic,  but  near  its  close  great  batholithic  intru- 
sions entered  beneath  the  area.  Their  invasion  is  believed  to  have 
been  expressed  at  the  surface  by  a  pronounced  elevation,  which  during 
the  Eocene  was  planed  well  toward  the  base-level  of  erosion. 

The  Eocene  surface  of  gentle  topographic  forms  was  soon  elevated 
7,000  or  8,000  feet,  and  deep  valleys  developed  by  the  close  of  the 
Oligocene.  During  the  Miocene,  volcanic  activity  was  rife;  vast 
quantities  of  lavas  and  tuffs  filled  the  larger  valleys,  some  of  them 
more  than  3,000  feet  deep.     Incident  to  the  lava  eruptions  many  of 
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the  streams  were  impounddd,  and  lakes  corresponding  in  shape  to 
former  vaUeys  ramified  among  the  moimtains.  In  these  lakes  muds, 
sands,  and  volcanic  ash  accumulated  to  great  depths  during  Miocene 
time.  During  the  Pliocene  epoch  erosion  once  more  became  dominant, 
but  accompanying  it  were  the  dying  stages  of  the  volcanic  activity 
which  characterized  the  Miocene.  The  Pleistocene  was  an  epoch 
when  destruction  of  the  highlands  exceeded  erosion  along  the  main 
arteries.  Glacial  ice  covered  the  sununits  and  occupied  the  heads  of 
canyons.  More  material  was  supplied  than  could  be  carried  onward 
by  the  larger  streams,  which  along  their  lower  courses  deposited 
vast  beds  of  gravels,  ready  for  removal  when  conditions  of  erosion 
once  more  became  normal. 

The  deposition  of  metalUc  ores  followed  both  the  late  Cretaceous  or 
early  EJocene  and  the  Miocene  igneous  activity.  The  former  resulted 
in  gold-copper,  silver-copper,  and  lead-silver  deposits;  the  latter  in 
gold-silver  veins. 

ORE   DEPOSITS. 

OENEBAL  FEATT7BES. 

Character  of  the  deposits. — ^The  ore  deposits  of  northwest  Custer 
County  comprise  gold  placers  and  lodes  carrying  gold-silver,  gold- 
copper,  silver-copper,  and  lead-silver  ores.  The  first,  second,  and 
third  types  of  lodes  are  typically  fissure  fillings,  but  the  fourth  might 
equally  well  be  considered  of  replacement  origin,  the  solutions,  how- 
ever, directed  largely  by  fissures.  Thus  they  are  all  characteristically 
of  tabular  outline. 

In  most  of  the  deposits  the  ore  i&  of  excellent  grade,  little  of  that 
which  has  been  mined  affording  a  return  of  less  than  $30  to  the  ton 
and  some  of  it  $500  or  $600.  Perhaps  most  of  the  production  of  the 
area  has  come  from  ores  worth  $50  to  $100  to  the  ton. 

The  gold-silver  deposits  are  characterized  by  a  highly  sihceous 
gangue;  the  others  by  a  siderite  gangue.  The  former  ako  present 
much  more  intense  metasomatic  alteration  of  the  wall  rock  than  the 
others. 

Periods  of  mineraii2sation. — ^Two  distinct  periods  of  mineralization 
are  recognized.  These  periods  were  separated  by  a  long  interval  in 
which  the  area  was  reduced  to  gentle  topographic  forms,  elevated 
several  thousand  feet,  further  dissected,  and  many  of  the  valleys 
filled  or  partly  filled  with  volcanic  material.  The  deposits  of  the  two 
periods  are  distinct  in  character  and  their  age  relations  so  clearly 
determinable  that  in  the  following  sections  age  is  taken  as  the  basi»of 
major  classification,  and  the  deposits  are  grouped  as  pre-Oligocene 
and  post-Oligocene.  Great  difference  in  age  with  profound  erosion 
intervening  shows  that  the  older  deposits  must  have  been  formed  at 
vastly  greater  depth  than  the  younger,  a  fact  thought  to  account  for 
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conspicTioTis  differences  in  the  structure  of  the  ores  and  probably 
also  in  the  mineralogy  of  the  two  groups  of  deposits. 

Distribution, — Ore  deposits  are  widely  distributed  in  the  north- 
.western  part  of  Custer  County.  In  the  Loon  Creek  district  they  are 
largely  grouped  around  Ivers,  near  which  town  gold  placers,  gold- 
copper  veins,  and  lead-silver  veins  are  recognized.  In  the  Yankee 
Fork  district  the  old  mining  towns  of  Custer,  Bonanza,  and  Sunbeam 
are  each  centrally  situated  with  respect  to  gold-sijver  veins.  Near 
Bonanza  gold  placers  occur.  In  the  Bay  Horse  district  the  deposits 
are  more  widely  distributed,  but  here  Bay  Horse,  Clayton,  Squaw 
Creek,  and  Slate  Creek  may  be  taken  as  centrally  situated  with  refer- 
ence either  to  silver-copper  or  lead-silver  deposits. 

Little  is  known  of  the  country  intermediate  between  these  widely 
separated  localities.  In  the  early  days  much  of  it  was  run  over  by  the 
prospector,  but  there  is  little  evidence  in  the  way  of  prospect  pits 
to  show  that  it  was  seriously  examined.  Many  outlying  deposits 
may  yet  be  discovered. 

Oeologic  relations. — The  oldest  rocks  known  to  be  exposed  in  the 
area  are  Algonkian  schists,  slates,  and  quartzites,  widely  distributed 
in  the  south-central  and  northwestern  portions.  These  rocks  are 
overlain  unconformably  by  a  great  series,  more  than  9,000  feet  thick, 
of  quartzites,  dolomitic  limestones,  and  slates,  of  Paleozoic  age. 
These  are  most  widely  exposed  in  the  Bay  Horse  district,  but  are  also 
present  south  of  Ivers  in  the  Loon  Creek  district.  The  next  younger 
rocks  are  the  bathohthic  intrusions  which  are  assigned  to  the  late  Creta- 
ceous or  early  Eocene.  These  appear  at  the  surface  as  an  area  of  quartz 
diorite  near  Ivers;  an  area  of  quartz  monzonite  between  Ivers  and  Sun- 
beam; a  broad  expanse  of  granite  about  the  mouth  of  Yankee  Fork 
and  a  smaller  mass  near  the  head  of  Bay  Horse  Canyon;  and  two 
small  areas  of  diorite,  both  near  Clayton.  The  boundaries  of  the 
several  intrusions  are  not  indicated  completely  on  the  map,  but  in 
general  terms  these  types  may  be  considered  to  form  the  surface  rock 
over  about  10  per  cent  of  the  area. 

Closely  related  to  the  bathohthic  intrusions  are  the  granite,  granite 
porphyry,  and  diorite  porphyry  dikes,  which  are  numerous  only  in 
the  vicinity  of  Ivers. 

The  youngest  rocks  in  the  area,  exclusive  of  glacial  d6bris,  are 
tuffs,  lavas,  and  lacustrine  deposits  of  Miocene  and  possibly  in  part 
Pliocene  age.  The  largest  area  of  these  extends  northeast-southwest 
through  Yankee  Fork  district.  Here  an  old  valley,  some  10  miles 
wide  and  3,000  feet  deep,  is  filled  with  latites,  andesites,  and  tuffs, 
the  latter  locally  Tiicely  stratified.  In  the  east-central  and  north- 
eastern parts  of  the  area  are  other  widespread  deposits  of  this  age, 
but  in  these  localities  clastic  material  is  of  equal  abundance  with  the 
tuffs  and  lavas. 
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Deposits  of  ore  occur  in  aU  the  groups  of  rocks  above  mentioned. 
The  late  Tertiary  eruptives  inclose  the  gold-silver  veins  of  the  Yankee 
Fork  district.  Granite  is  the,  inclosing  rock  of  part  of  the  lead- 
silver  deposits  south  of  Ivers.  Formations  of  Paleozoic  age  iaclose 
the  lead-silver  and  silver-copper  deposits  near  Clayton  and  Bay 
Horse.  Algonkian  schists  constitute  the  country  rock  for  the  gold- 
copper  deposits  and  may  also  iaclose  the  lead-silver  veins  of  the 
Livingston  group. 

PBE-OLIGOCBNB  OBB  DEPOSITS. 
CLASSIFICATION. 

The  pre-OUgocene  metalliferous  deposits  of  northwestern  Custer 
County  may  most  advantageously  be  classified,  according  to  the 
principal  metals  which  they  contain,  as  silver-copper,  lead-silver, 
and  gold-copper  deposits.  The  three  types  have  much  ia  common 
and  mineralogic  gradations  between  them  occur  locally,  but  as  groups 
they  are  exceptionally  well  characterized  by  their  leading  metals. 
The  features  which  they  have  in  common  are  (1)  a  siderite  gangue; 
(2)  similar  paragenesis,  the  general  order  being  iron  carbonate  fol- 
lowed by  quartz,  the  metallic  sulphides,  and  sulphantimonites;  (3) 
subordinate  metasomatic  alteration  of  the  wall  rock  when  com- 
pared with  the  post-Oligocene  deposits;  and  (4)  a  close  accordance 
with  one  another  in  age. 

The  kind  of  inclosing  rock  may  also  be  taken  as  the  basis  for  classi- 
fication, but  this  only  separates,  and  that  incompletely,  the  lead- 
silver  deposits  from  the  others.  Such  a  classification  comprises  (1) 
deposits  inclosed  in  calcareous  and  dolomitic  rocks,  and  (2)  those 
inclosed  in  slates  and  schists.  The  first  includes  the  lead-silver 
deposits,  the  second  those  carrying  silver-copper  and  gold-copper 
ores.  The  classification  according  to  metals  contained  is  followed  in 
the  later  discuasion. 

SILVEKrCOPPER  DEPOSITS. 
DIBT&IBXTTIOir  AVD  HISTOST. 

Deposits  of  silver-copper  ore  have  been  found  only  in  the  Bay 
Horse  district,  where  the  two  most  important  mines — the  Ramshom 
and  Skylark — produce  ores  of  this  kind.  In  addition  to  these  mines 
the  lodes  of  the  New  Silver  Bell  mine,  one  of  the  Hoosier  veins,  and 
some  small  deposits  near  the  head  of  Garden  Creek  are  of  this  type. 

The  Ramshom  vein,  located  in  August,  1877,  was  the  first  deposit 
of  this  type  recognized  in  Custer  County.  A  short  time  thereafter 
the  Skylark  and  Silver  Bell  were  staked  and  for  20  years  following 
these  and  the  Ramshom  were  active  producers.  Although  dur- 
ing recent  years  but  little  ore  of  this  type  has  been  mined^  there  is 
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more  of  it  blocked  out  in  the  area  than  of  any  other  t3rpe.  In  all 
about  S6;250,000  has  been  derived  from  this  ore;  approximately 
S625,000  from  copper^  the  balance  from  silver. 

QBOLOOXC  BXLATXOn. 

All  the  silver-copper  deposits  are  inclosed  in  slates,  probably  of 
Paleozoic  age,  whose  cleavage,  formrug  high  angles  with  the  bedding 
planes,  is  commonly  well  developed  and  locally  is  more  conspicuous 
than  the  bedding  structure. 

Granite  outcrops  a  few  hundred  feet  west  of  the  Skylark  and 
Ramshom  veins,  but  no  igneous  rock  was  noted  ia  the  immediate 
vicinity  of  the  Silver  Bell  deposits. 

FORM  AVD  STSUCTXnEUB  OF  THE  DXPOBITB. 

The  silver-copper  ores  occur  in  tabular  deposits  which  range  in 
width  from  a  few  inches  to  4  feet,  averaging  perhaps  20  inches. 
They  are  bounded  by  well-defined  walls  and  the  few  offshoots  follow 
bedding  or  joiat  planes.  Their  general  strike  is  north-south  and  the 
dip  either  to  the  east  or  to  the  west.  The  dip  of  the  veins  is  largely 
determined  by  lines  of  parting  which  antedate  the  period  of  fissuring. 
The  Kamshorn  vein  follows  the  slaty  cleavage  of  the  inclosing  rocks: 
the  Skylark  occurs  along  a  bedding  plane;  but  the  New  Silver  Bell  is 
independent  of  either  cleavage  or  bedding  planes,  the  fissuring  here 
cutting  across  the  fiat-lying  beds  at  a  low  angle  in  the  upper  part  and 
a  considerable  angle  in  the  lower  part.     (See  PI.  VI.) 

THE  OBES. 
FAY  SHOOTS. 

Within  the  veins  the  ore  occurs  in  shoots  of  irregtilar  shape  which 
range  in  length  from  15  or  20  to  200  or  300  feet,  and  in  width  from  a 
few  inches  to  4  feet,  averaging  perhaps  20  inches.  The  vertical 
extent  of  the  shoots  generally  exceeds  the  horizontal  and  in  many 
places,  as  in  the  Skylark  mine,  the  shoots  are  distributed  one  above 
the  other  along  roughly  parallel  lines.  The  portion  of  the  fissures 
intermediate  between  the  shoots  is  locally  filled  with  gangue  or 
gouge,  equal  in  width  to  the  ore,  but  in  most  such  places  the  walls 
are  close  together  and  only  a  narrow  selvage  marks  the  fissure. 

MINERALS. 

Relative  abundance. — ^The  ore  is  characterized  by  tetrahedrite  in  a 
siderite  gangue.  Associated  with  these  minerals,  but  in  very  sub- 
ordinate amounts,  axe  quartz,  chalcopjrite,  galena,  arseaopyrite, 
pyrite,  and  sphalerite.  Within  the  deposits  as  now  worked  secondarr 
minerals  are  negligible,  although  in  the  upper  levels  cerargyrite  wa.< 
present  in  large  amounts.  It  is  said  that  there,  too,  lead  was  much 
more  abundant  than  in  the  present  ore. 


.    RAMSHORN  AND  SKVLARK  MINES,  BAY  HORSE  DISTRICT. 


tl.     DETAIL  OF  STRUCTURE  NEAR  THE  RAMSHORN  AND  SKYLARK  MINES. 


SPECIMENS  OF  ORE  FROM  UTAH  BOV  NO.  S  TUNNEL,  RAMSHORN  MINE. 
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In  addition  to  the  minerals  which  are  confined  to  the  fissures,  the 
vein  solutions  have  developed  certain  others  in  the  inclosing  rock. 
Among  the  minerals  here  formed  sericite  alone  is  abundant,  but  as  it 
characterizes  the  slates  well  removed  from  the  fissures,  the  extent  to 
which  it  is  due  to  the  ore-bearing  solutions  is  difficult  to  determine. 
Perhaps  the  best  basis  for  comparison  is  the  state  of  preservation  of 
minerals  other  than  sericite  which  were  developed  by  the  earlier 
metamorphism.  Of  these  an  andalusite-like  mineral  ^  is  excellently 
preserved  in  the  slates  weU  removed  from  the  fissures,  but  near  them 
this  mineral  is  completely  altered  to  sericite  and  calcite.  Thus  in 
tliin  sections  taken  near  the  vein  sericite  of  two  generations  is  thought 
to  be  present;  the  earlier  resulted  from  regional  metamorphism,  the 
later  represents  metasomatic  alteration  by  vein  solutions.  Accom- 
panying the  sericite  are  numerous  small  opaque  specks  which  in 
reflected  light  are  dull  gray.     They  were  not  identified. 

Paragenesis  of  the  vein  minerals. — The  sequence  of  formation  of  the 
more  abundant  vein  minerals  is  rather  definite,  but  among  the 
accessory  minerals  the  order  is  recurrent.  Siderite  is  clearly  the 
earliest  mineral  formed.  It  was  closely  followed  by  tetrahedrite, 
which  occurs  along  fractiu-es  in  the  siderite  and  occupies  embayments 
in  it,  but  in  a  few  places  the  two  are  so  intergrown  as  to  suggest  con- 
temporaneous deposition.  Arsenopyrite  bears  the  same  relation  to 
siderite  as  does  tetrahedrite,  but  their  relation  to  each  other  is  not 
known.  Quartz  occurs  both  as  massive  intergrowths  with  the  siderite 
and  tetrahedrite  and  as  doubly  terminated  prisms  either  occupying 
small  cavities  in  the  tetrahedrite  or  embedded  in  the  siderite.  Chalco- 
ipyrite  occurs  principally  as  narrow  films  along  fractures  and  as  tetrar 
ihedrons  lining  cavities  in  the  tetrahedrite,  but  locally  seems  to  be  in- 
tergrown with  that  mineral.  In  many  places  a  narrow  band  of  chalco- 
pyrite  separates  the  tetrahedrite  from  the  siderite.  Galena  is  found 
as  isolated  grains  in  the  tetrahedrite  but  most  commonly  occurs  as 
/bunches  partly  filling  cavities  an  inch  or  more  across.  Pyrite  is 
pxtremely  rare,  but  a  few  crystals  were  noted  embedded  in  the 
^iderite.  In  such  places  it  was  formed  later  than  the  tetrahedrite, 
put  before  the  chalcopyrite,  the  latter  mineral  in  some  specimens 
l^oating  it.  Upon  some  of  the  free  faces  of  the  galena  are  small  crys- 
tals of  sphalerite  so  thickly  spaced  as  to  form  a  drusy  surface.  They 
Appear  to  be  entirely  superficial,  for  in  no  place  were  they  seen  to 
fxtend  into  the  galena.  Also  among  the  last  minerals  to  form  are 
[mall  lamellar  crystals  of  siderite,  which  protrude  from  the  sides  of 
{mall  cavities  along  the  margins  of  siderite  areas.     (See  PI.  VII.) 

Thus  the  general  sequence  of  deposition  was  from  carbonate  to 
ulphantimonite  to  sulphides,  the  order  of  formation  of  the  sulphides 

1  Tlie  index  of  ntraetiaa  \a  1.62±,  wbereu  andaluaita  (mean)  Is  1.638.    A  few  aectloDB  alao  give  an  In- 
Ined  extinction  up  to  11*. 

98185**— Bu  11.  539—13 3 
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being  iron-copper,  lead,  and  zinc.  It  is  noteworthy  that  pyrite  is 
rare  in  the  deposits;  but  arsenopyrite  is  very  generally  present, 
though  nowhere  abundant. 

Composition  of  the  tetrdhedrite. — Tetrahedrite,  commonly  known  as 
gray  copper  ore,  is  a  sulphantimonite  of  copper  in  which  the  copper 
is  commonly  replaced  in  part  by  iron,  zinc,  lead,  mercury,  silver, 
manganese,  nickel,  and  the  antimony  by  arsenic  and  bismuth.  It  is 
widely  distributed  in  metalliferous  deposits  but  is  usually  an  accessory 
constituent.  Perhaps  the  largest  deposits  in  the  United  States  here- 
tofore described  are  those  of  the  Sheba  and  De  Soto  mines  in  Hum- 
boldt County,  Nav.  Here,  however,  the  principal  ore  mineral  was 
jamesonite.^  Tetrahedrite  i  3  also  found  at  many  localities  in  Colorado, 
Mexico,  Bolivia,  and  Chile,  and  in  numerous  deposits  in  Europe.' 
So  far  as  the  writer  has  been  able  to  ascertain,  however,  no  locality  has 
been  described  which  has  produced  an  amoimt  even  comparable  to 
the  $6,250,000  derived  from  the  three  deposits  of  this  mineral  in  the 
Bay  Hor^e  district.  Of  this  amount  $3,000,000  came  from  the  Rams- 
horn  mine,  in  which  a  large  tonnage  yet  remains. 

The  tetrahedrite  here  found  is  dark  gray  with  splendent  luster  on 
fresh  fracture  and  metallic  luster  after  moderate  exposure.  It  is  mas- 
sive in  its  occurrence ;  in  no  specimen  was  a  crystal  face  seen.  Numer- 
ous fairly  smooth  planes  appear  on  the  specimens,  but  the  arrange- 
ment of  these  is  such  as  to  indicate  fracturing  instead  of  cleavage. 
Locally  such  faces  are  doubtless  due  to  juxtaposition  with  siderite. 

A  complete  analysis  of  the  tetrahedrite  from  Utah  Boy  No.  5  level, 
Ramshom  mine,  was  made  in  the  Survey  laboratory  by  R.  C.  Wells. 
The  material  was  carefully  selected  to  preclude  chalcopyrite,  the  only 
mineral  likely  to  be  intermixed  with  it.     The  analysis  follows: 

Analysvt  0/ tetrahedrite  from  Ramshom  mine,  Custer  County,  Idaho. 

[R.  C.  Wells,  analyst] 

Gangue 0. 08 

Sulphur 25.74 

Silver... 4.86 

Bismuth 34 

Arsenic 1. 46 

Antimony 26. 22 

Copper '. 33.39 

Iron 4. 64 

Zinc 3.53 

Manganese 01 

Nickel tr. 

99.27 

I  Ransome,  F.  L.,  Notes  on  some  mining  distiicts  in  Humboldt  County,  Ncv.:  Bull.  U.  8.  Goot.  Surrvy 
No.  414,  1909,  p.  43. 

*  For  a  list  of  localities  and  nomeroos  anal^rses,  see  Hlntze,  Carl,  Handbuch  der  Mtneralogie,  yol.  1,  IffB, 
pp.  i062-U». 
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If  the  analysis  is  calculated  in  molecular  quantities  the  following 
proportions  result:  Sb(Bi,As),  1;  Cu  (aU  other  metals),  3.03;  S,  3.48. 
The  theoretical  proportions  for  tetrahedrite  are  1.3.3,  but  a  study  of 
available  analyses  ^  shows  that  sulphur  is  commonly  in  excess.  In 
this  tetrahedrite,  however,  the  excess  is  greater  than  in  any  of  the 
analyses  which  have  been  examined.  Chalcopyrite  is  the  only  min- 
eral which,  from  metallographic  studies,  can  reasonably  be  assumed 
to  be  present  as  an  impurity,  but  to  calculate  the  excess  sulphur  as 
that  mineral  uses  up  all  the  iron  in  addition  to  an  equal  number  of 
copper  molecules,  and  thus  reduces,  beyond  reason,  the  molecular 
value  of  the  copper  component.  From  these  calculations  it  is  con- 
cluded that  the  analysis  was  of  essentially  pure  tetrahedrite  and  that 
the  excess  of  sulphur,  if  significant,  may  be  in  solid  solution  or  possibly 
combined  as  a  higher  sulphide  of  one  or  more  of  the  metals. 

Vertical  distribution  (^  minerals, — ^Throughout  the  workings  now 
safely  accessible  there  is  no  appreciable  difference  in  the  mineralogic 
association  with  depth  from  the  surface.  The  lowest  level  of  the 
Ramshom  mine  is  1,650  feet  vertically  below  the  apex  of  the  vein. 
From  the  lowest  tunnel  up  to  the  Utah  Boy  No.  3,  a  vertical  distance 
of  about  900  feet,  the  tunnels  were  explored;  above  are  abandoned 
stopes.  In  this  lower  half  of  the  mine  the  relative  amount  of  the 
several  minerals,  so  far  as  observed,  is  constant.  Of  the  mineralogic 
make-up  of  the  ore  from  the  old  workings  there  is  no  available  record. 
A  brief  note  on  the  Ramshom  deposit  when  only  two  tunnels  had  been 
driven '  states  that  the  better  grade  of  ore  ran  500  ounces  in  silver  per 
ton  and  16  per  cent  of  lead,  no  mention  being  made  of  copper.  This 
probably  means  an  abundance  of  cerargyrite  and  sand  carbonate  near 
the  outcrop,  but  whether  that  part  of  the  vein  once  contained  copper 
as  well  as  lead  can  not  be  determined  from  such  a  statement,  for  the 
copper,  if  formerly  present,  would  readily  have  been  leached  during 
the  formation  of  cerargyrite  and  sand  carbonate.  A  zone  of  secondary 
chalcocite  below  the  oxidized  ore  would  support  the  opinion  of  the 
writer  that  tetrahedrite  once  extended  up  to  and  beyond  the  level  of 
the  present  surface.  No  information  was  procured  concerning  the 
mineralogy  of  the  zone  between  the  oxidized  ore  and  the  primary 
ore  now  exposed.  It  is  said,  however,  that  most  of  the  production  has 
come  from  ores  similar  to  those  now  developed. 

AOX  AKD  OBVESIS. 

The  three  principal  silver-copper  deposits  are  truncated  by  the 
Eocene  erosion  surface  and  hence  were  formed  at  least  before  the  close 
of  the  Eocene.     On  the  other  hand,  they  have  much  in  common  with 

1  Kretschmer,  A.,  Analyse  uBd  chemische  Zosammensetsung  der  Fahlerze:  Zeltachr.  Kryst.  Min.,  vol.  48, 
No.  5, 1910,  pp.  484-^13. 
s  News  note,  Hin.  and  Sci.  Press,  Oct.  2, 1880,  p.  220. 
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the  lead-silver  deposits  and  are  thought  to  have  been  deposited  during 
the  same  period  of  mineralization.  As  in  the  Loon  Creek  district 
some  of  the  lead-silver  veins  are  inclosed  in  granite,  it  is  probably 
safe  to  assume  that  the  silver-copper  deposits  are  postgranitic  even 
though  the  youngest  rock  inclosing  them  is  of  Paleozoic  age.  The 
granite  is  pretty  surely  of  late  Cretaceous  or  early  Eocene  age,  hence 
these  deposits  are  believed  to  date  from  the  late  Cretaceous  or  early 
Eocene.  This  assignment  is  compatible  with  the  age  of  deposits  in 
Idaho  of  similar  type  though  somewhat  different  mineralogically, 
which  have  been  described  elsewhere. 

The  depth  at  which  the  deposits  were  formed  can  not  be  definitely 
determined,  but  it  is  certain  that  a  vast  amount  of  erosion  has  taken 
place  since  their  deposition.  In  the  development  of  the  Eocene 
erosion  surface  several  thousand  feet  of  beds  must  have  been  removed; 
a  conclusion  which  follows  from  a  study  of  .the  anticlinal  structures 
truncated.  Another  line  of  suggestion  is  based  on  the  belief  (p.  24) 
that  the  granitic  intrusions  accompanied  the  profound  elevation  of 
the  surface  which  inaugurated  the  rapid  erosion  of  the  Ek>cene  epoch. 
The  cover  was  entirely  removed  from  the  batholiths  over  broad 
areas  and  the  igneous  rock  itself  deeply  planated.  Still  another  line 
of  attack  is  based  on  the  accumulation  of  great  fluviatile  deposits  in 
adjacent  areas  during  the  Eocene.  The  region  must  at  that  time 
have  been  sufficiently  elevated  for  the  efficiency  of  the  streams  in 
transporting  sediments  to  be  far  greater  within  the  area  than  beyond 
it.  From  these  several  lines  of  evidence  it  is  believed  that  5,000  feet 
may  be  taken  as  a  safe  minimum  estimate  of  the  amount  of  Eocene 
erosion.  Thus  the  highest  deposits  are  thought  to  have  been  formed 
at  a  depth  of  at  least  5,000  feet,  probably  much  deeper,  and  the 
lowest  ones  at  a  depth  3,000  feet  greater.  These  figures  correspond 
closely  to  those  thought  by  Ransomo  ^  to  be  applicable  at  Coeur 
d'Alene. 

The  temperature  at  which  the  deposits  formed  can  not  be  known 
oven  approximately,  although  the  normal  temperature  gradient  for 
increasing  depth  below  the  earth's  surface  places  a  minimum  of  about 
100*^  C.  for  a  depth  of  8,000  feet.  The  proximity  of  the  cooling 
granitic  mass  which  now  outcrops  within  600  feet  of  the  dfeposits 
must  have  raised  this  temperature  greatly.  Therefore,  in  any  con- 
sideration of  genesis  high  temperature  and,  because  of  the  depth, 
high  pressure  must  be  assumed. 

There  is  abundant  reason  for  believing  that  the  deposits  were  formed 
from  solution.  The  two  other  possibilities,  namely,  volatilization 
and  a  melt,  are  ruled  out  by  the  mineral  compounds  of  the  deposits. 
The  carbonate  ganguc  is  incompatible  with  the  conception  of  a  melt, 

1  Ransome,  F.  L.,  and  CaUdns,  P.  C,  The  geology  and  ore  deposits  of  the  Coeiir  d'AJme  diotziot,  Idaba 
Prof.  Paper  U.  S.  OeoL  Survey  No.  62, 1908,  pp.  139-140. 
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and  the  difficulty  of  volatilization  of  the  metals  in  the  right  propor- 
tions, even  when  combined,  eliminates  the  other  hypothesis. 

The  most  striking  feature  of  the  deposits  is  the  great  quantity  of 
tetrahedrite,  a  mineral  remarkable  for  the  complexity  of  its  composi- 
tion. It  is  thought  that  this  must  have  a  marked  significance  with 
respect  to  the  genesis  of  the  deposits.  R.  C.  Wells,  who  made  the 
analysis  (p.  34)  of  this  mineral,  has  supplied  the  following  conmient 
on  the  conditions  of  formation  of  tetrahedrite  from  aqueous  solutions. 

The  conception  that  tetmhedrite  forms  from  simple  aqueous  solutions  is  unsatis- 
factory for  several  reasons.  In  the  first  place,  the  sulphides  are  among  the  most 
insoluble  compounds  known  in  chemistry  and  tetrahedrite  commonly  contains  lead 
and  silver,  whose  suplhidee  are  among  the  most  insoluble  of  sulphides.*  Secondly,  it 
would  be  remarkable  if  such  a  process  did  not  result  in  greater  differentiation  into 
single  sulphides;  for  if  the  solutions  were  acid  the  precipitation  of  zinc  and  iron  would 
be  retarded,  whereas  if  they  were  alkaline  the  deposition  of  antimony  and  arsenic 
would  be  prevented.  In  neutral  solutions  fractionation  should  stiU  occur.'  These 
are  the  behaviors  imder  ordinary  conditions,  and  it  seems  reasonable  to  suppose  that 
they  would  persist  to  some  extent  even  under  high  pressure,  although  by  a  mass  effect 
of  much  hydrogen  sulphide  under  pressure  all  the  sulphides  could  probably  be  pro- 
duced under  any  condition  of  acidity  or  alkalinity. 

As  a  sulphide  dissolving  into  pure  water  would  be  hydrolyzed  into  metallic  hydroxide 
and  hydrogen  sulphide,  it  is  obvious  that  a  large  excess  of  hydrogen  sulphide  would 
be  required  to  prevent  this  hydrolysis  and  maintain  a  suitable  concentration  of  sul- 
phide in  the  solution  to  reprecipitate  the  sulphide  at  another  }X)int.  Similarly, 
with  the  concentrations  of  metallic  ions.  It  is  conceivable  that  a  particular  concen- 
tration of  copper  and  antimony,  and  of  all  the  other  bases  as  well  as  the  sulphide, 
might  be  in  equilibrium  with  tetrahedrite  and  by  cooling  deposit  it  from  solution. 
For  this  to  occur  I  should  hazard  the  guess  that  the  metals  in  solution  would  be  in  the 
foUowing  order,  beginning  with  that  of  the  highest  concentration:  Iron,  zinc,  arsenic, 
antimony,  copper,  sUver.  This  guess  is  made  upon  the  principle  that  the  concentra- 
tions should  be  in  inverse  order  to  the  solubilities.  However,  our  knowledge  of 
these  matters,  particularly  about  the  conditions  of  the  precipitation*  of  compound 
sulphides,  is  so  scant  that  further  speculation  might  not  even  be  suggestive. 

The  solvent  usually  assumed  for  carrying  these  sulphides  is  sodium  or  potassium 
sulphide.  Becker'  showed  {hat  mercuric  sulphide,  pyrite,  cupric  sulphide,  and 
zinc  sulphide  are  soluble  in  differing  degrees  in  sodium  sulphide  solution.  He  con- 
cluded, however,  that  ''the  sulphides  of  lead  and  silver  seem  to  be  entirely  insoluble  in 
Bodic  sulphide,  sodic  sulphydrate,  or  in  solutions  of  sodic  carbonate  partially  saturated 
with  sulphydric  acid."  He  obtained  no  evidence  of  solution  with  these  sulphides 
even  when  heated  above  100^  with  reagents  in  closed  tubes.  As  silver  is  an  important 
constituent  of  the  Bay  Horse  tetrahedrite,  this  would  indicate  that  it  was  not  carried 
in  sodium  sulphide  solutions  unless  antimony,  copper,  or  some  soluble  salts  affect  the 
solubility  of  the  silver.  I  have  been  unable  to  find  any  marked  solubility  of  silver 
sulphide  in  sodium  sulphantimonite.  Ditte  ^  has  shown  that  silver  sulphide  in 
contact  with  potassium  sulphide  solution  forms  a  very  slightly  soluble  compound  of 
red  color,  possibly  of  the  composition  4AgaS.K2S.2H2O.  This  compound  is  decom- 
posed by  excess  of  water.  A  double  salt  with  sodium  sulphide  was  obtained  by  Ditte 
■ 

1  Weigel,  O.,  Zdtacbr.  phyalkal.  Cbemie,  voL  68, 1907,  p.  208. 

s  Wells,  R.  C,  Eoon.  Geology,  vol.  3, 1010,  p.  6. 

*  Becker,  G.  F.,  Geology  of  the  quickailver  depoaito  of  the  Padflo  dope:  lion.  U.  8.  OeoL  Bnrvey,  voL 
13, 1888,  p.  430. 

4  Ditte,  A.,  Cham.  Rer.,  vol.  120, 1805,  p.  01. 
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only  at  a  high  temperature  from  a  saturated  solution  of  sodium  sulphide  which  at 
110°  contains  about  800  grams  of  NaaS.  Its  formula  is  given  as  3AgaS.Na|S.2H|0. 
It  is  decomposed  by  excess  of  water. 

Hence  silver  sulphide  is  soluble  in  concentrated  potassium  or  sodium  sulphide 
solutions  but  practically  insoluble  in  dilute  solutions  of  the  alkalies. 

In  view  of  these  facts  it  appears  that  the  transfer  of  tetrahedrite  could  not  be  accom- 
plished by  dilute  solutions  of  alkaline  sulphides  much  more  advantageously  than  by 
solutions  of  any  other  salts,  although  if  the  solutions  were  concentnUed  it  might  be 
carried. 

Two  factors  which  seem  to  have  a  bearing  on  the  nature  of  the 
mineral-bearing  solutions  are,  first,  the  development  of  sericite,  a 
potash-rich  mineral,  in  the  walls,  and  second,  the  presence  of  an 
excess  of  sulphur  in  the  tetrahedrite.  This  would  seem  to  justify  an 
opinion  that  potassium  sulphide  was  a  constituent  of  the  mineralizing 
solutions,  and  from  Wells's  discussion  of  the  chemistry  involved  that 
it  was  very  possibly  the  solvent  of  the  tetrahedrite. 

The  source  of  the  solutions  is  even  more  difficult  of  determination 
than  their  nature.  If  potassium  sulphide  was  the  solvent  it  could 
have  been  efficient  only  at  high  temperatures,  as  indicated  by  Ditte^s 
experiments  ' — temperatures  probably  greater  than  are  normal  at  a 
depth  of  8,000  feet.  It  has  already  been  shown  from  geologic  and 
physiographic  evidence  that  the  granite  intrusions  and  the  veins  are 
closely  related  in  age,  and  as  special  conditions  of  deposition  are 
necessary  to  account  for  the  deposits  it  seems  altogether  reasonable 
to  assume  a  genetic  relation  between  the  two.  Elsewhere  in  Idaho, 
notably  in  the  Wood  River  district '  and  in  Lemhi  County,'  a  genetic 
relation  to  an  igneous  mass  of  the  same  age  is  indicated  by  geographic 
distribution.  Thus  it  is  concluded  that  the  silver-<'opper  deposits 
are  genetically  related  to  an  outlier  of  the  great  granitic  batholith  uf 
Idaho.  The  nature  of  this  relation,  however,  is  not  susceptible  of 
demonstration.  The  magma  may  be  thought  '(1)  to  have  supplied 
the  solutions  or  (2)  to  have  stimulated  the  circulation  of  meteoric 
waters.  The  first  view  is  favored  by  most  economic  geologists,  but 
to  distinguish  between  the  alternatives  is  a  problem  on  which  indi- 
vidual deposits  of  this  t3rpe  throw  but  meager  light. 

LEAD-SILVEB  DEFOSnS. 
DISTBIBTrrZOV  AHD  HZBTORT. 

Lead-silver  deposits  have  been  recognized  in  the  Bay  Horse  and 
Loon  Creek  districts.  In  the  Loon  Creek  district  only  two  prospects 
have  been  opened  on  this  type  of  ore  and  neither  is  extensive,  but 
about  Bay  Horse  and  Clayton  there  are  several  mines  noteworthy 

»  Op,  dt. 

*  lindgren,  Waldemar,  The  gold  and  rilyer  rtina  of  Silver  City,  De  Lamv,  and  other  mfaiJIiig  diattkts 
of  Idaho:  Twentieth  Ann.  Kept.  U.  8.  Oeol.  Survey,  pt.  3, 1900,  p.  217. 
>  Umpleby,  J.  B.,  Geology  and  ore  depoalta  of  Lemhi  County,  Idaho:  BuIL  U.  8.  Oeol.  Surrey  Na  SA 
•^13,  p.  51. 
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for  their  leadnsilrer  production,  important  among  which  are  the 
Red  Bird,  Excelsior,  Beardsley,  River  View,  Pacific,  and  Cinnabar 
properties'. 

The  total  production  from  deposits  of  this  type  within  the  area  is 
about  $4,000,000,  three-fifths  ol  which  has  been  derived  from  lead 
and  the  balance  from  silver.  Since  the  general  slump  in  local  mining, 
which  took  place  about  1900,  the  annual  production  has  averaged 
p>erhaps  $15,000,  derived  largely  from  small  shipments  made  by  leasers 
operating  on  inadequately  developed  claims. 

OBOLOOIC  BSULTIOire. 

The  deposits  near  Bay  Horse  are  inclosed,  without  exception,  in 
dolomitic  limestone  and  dolomite,  but  the  Red  Bird  deposit  is  in 
part  inclosed  in  dolomitic  limestone  and  in  part  in  calcareous  shales. 
One  of  the  deposits  near  Ivers  is  within  granite  and  the  other  within 
Algonkian  schist,  but  both  are  in  close  proximity  to  areas  of  dolomitic 
limestone.  Schist  also  is  said  to  be  the  country  rock  at  the  Livingston 
property,  near  the  head  of  Slate  Creek.  It  is  most  striking,  however, 
that  the  lead-silver  deposits  which  have  been  important  producers 
are  all  situated  within  or  near  areas  of  dolomitic  limestone  or  dolomite. 

Igneous  rocks  do  not  occur  in  their  immediate  vicinity,  although 
both  diorite  and  granite  outcrop  within  a  few  miles  of  the  principal 
mines. 

CHA&AOTXB  07  THE  DZP08ZT8. 

The  lead-silver  deposits  are  commonly  tabular  in  general  outline, 
but  in  their  formation  replacement  processes  have  played  an  impor- 
tant though  not  a  dominant  part.  Preexisting  lines  of  parting  have 
determined  the  general  shape  of  the  deposits.  Thus  they  follow 
either  fissures,  as  the  Red  Bird  vein,  or  bedding  planes,  as  the  Pacific 
deposit,  extensions  from  each  being  determined  by  fissures,  joints,  or 
bedding  planes.  In  detail,  however,  some  of  the  deposits  arc  most 
irregular.  In  the  Beardsley  mine,  for  instance,  bunches  of  ore  isolated 
in  the  walls,  save  for  narrow  stringers  connecting  them  with  the  main 
deposit,  are  common.  These  bunches  of  ore  range  from  pieces  the  size 
of  baseballs  to  masses  10  or  25  feet  across.  Also  in  old  stopes,  where 
the  walls  have  been  carefully  stripped  of  ore,  the  surface  is  in  many 
places  exceedingly  ragged  and  characterized  by  angular  protuberances 
from  a  few  inches  to  3  or  4  feet  in  length,  corresponding  to  which  were 
embayments  of  ore  into  the  country  rock.  In  contrast  to  the  deposits 
where  such  irregularities  are  conmion,  the  Red  Bird  vein  is  bounded 
by  rather  even  walls. 

Although  all  development  has  been  well  above  the  ground-water 
level  of  the  region,  yet  in  but  few  of  the  deposits  is  pxidation  complete 
or  even  well  advanced.  The  Red  Bird  ore  ia  largely  oxidized,  but 
elsewhere  the  primary  minerals  predominate,  most  important  among 
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them  being  argentiferous  galena  and  siderite.  This  is  true  of  all  the 
deposits  at  Bay  Horse,  with  the  possible  exception  of  the  Beardslej 
and  Excelsior,  in  which  oxidation,  though  well  advanced/ is  by  no 
means  complete. 


Ore  8hoai8. — Pay  shoots,  in  the  strict  sense  of  that  term,  are  not 
common  in  the  lead-silver  deposits.  The  relative  amount  of  ore  and 
gangue  is  almost  constant  from  place  to  place,  so  that  when  one  gives 
out  the  other  also  is  absent.  Certain  of  the  ore  bodies  have  proved 
especially  remunerative  because  of  their  persistence,  and  these  have 
commonly  been  called  shoots,  important  among  them  being  the 
Potato  Patch  shoot  of  the  Red  Bird  mine,  and  the  main  BeardsleT- 
Excelsior  ore  body.  The  latter  ranged  from  100  to  200  feet  in  length 
and  1  to  20  feet  in  width;  the  former  was  60  to  80  feet  long  and  20  to 
30  feet  wide. 

MinerdU  of  the  are, — ^Mineralogically,  the  lead-silver  ores  are  sim- 
ple, the  essential  primary  minerals  being  argentiferous  galena  in 
a  quartzH^iderite  gangue.  Associated  with  the  galena  is  a  little  tetra- 
hedrite,  sphalerite,  pyrite,  and  chalcopyrite.  Near  the  surface  in  a£ 
the  deposits,  and  in  the  Red  Bird  mine  throughout  its  known  vertical 
extent  of  perhaps  900  feet,  the  ore  consists  of  the  oxidation  products 
of  these  minerals. 

The  secondary  ore  is  predominantly  composed  of  sand  carbonate 
heavily  stained  with  the  oxides  of  iron  and  manganese.  The  sulphate 
of  lead,  anglesite,  is  an  intermediate  product  in  the  transforinati<n 
of  galena  to  cerusite,  but,  though  very  common,  is  abundant  only 
locally  in  the  Red  Bird  mine.  Its  usual  occurrence  is  as  a  narrow  and 
poorly  defined  band  between  the  sulphide  and  carbonate,  easily  recog- 
nized by  its  dark  color  and  adamantine  luster,  thus  contrasting  with 
the  metallic  luster  of  galena  on  the  one  side  and  with  the  lighter  color 
of  cerusite  on  tlie  other.  Smithsonite  occurs  as  botryoidal  surfaces 
of  drusy  appearance^  lining  cavities  in  the  secondary  ore.  In  manj 
places  columnar  crystals  of  calamine  protrude  from  such  surface 
Fluorite  occurs  locally  in  the  Red  Bird  mine  as  small  bluish-whit^ 
cubes  set  on  dmsy  surfaces  of  smithsonite.  Manganese  oxide  i? 
conspicuous  in  much  of  the  secondary  ore,  but  its  primary  equivalent 
was  not  recognized.  Copper  carbonates,  though  not  abundant,  are 
rather  uniformly  distributed.  Iron  oxide,  derived  largely  fnim 
siderite  and  subordinately  from  pyrite  and  chalcopyrite,  is  everywhm 
present  in  the  sand  carbonate  ores.  Of  the  several  elements  fovni 
in  the  oxidized  ores  the  mineralogic  form  of  silver  alone  is  doubtful 
Minute  grains  of  cerargyrite  have  been  identified,  but  it  can  not  be 
said  that  all  the  silver  is  in  this  form.  Miniimi,  the  red  oxide  of  lead 
was  recognized  in  specimens  from  the  Beardsley  ore  bins. 
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A  general  and  probably  fairly  accurate  idea  of  the  composition  of 
these  ores  may  be  had  from  the  following  smelter  returns.  The  ship- 
i^ents  represent  roughly  hand-sorted  material,  which,  from  the  range 
in  sulphur,  evidently  includes  both  primary  and  secondary  minerals. 

Average  analytes  of  IS  akipmerUs  of  ore  from  the  McGregor  group ^  Bay  Horse,  Custer 

County^  Idaho. 


Au. 

Ag. 

Pb. 

Ca. 

Fe. 

Zn. 

S. 

SiOs. 

Total 
shipped. 

Averaee 

0.041 
.016 
.075 

Ouneea. 
69.90 
92.5 
44.7 

Perct. 
57.34 
63.30 
47.85 

Peret. 
1.76 
3.06 
1.80 

Peret. 

1.29 

3.16 

.58 

Peret. 
2.59 
3.4 
1.8C 

Perct. 
4.92 
7.4 
.91 

Perct. 
21.17 
29.5 
15 

Toru. 
553 

HfirhAfft  lUn,it» . .      

l^wAsiflgiin, . . ,        .... 

Tenor  of  the  ore, — ^The  lead-silver  ores  are  of  excellent  grade,  per- 
haps 40  to  60  per  cent  of  lead  and  60  to  80  ounces  of  silver  to  the 
ton  being  the  tenor  of  those  most  commonly  mined  in  this  area.  So 
generally  and  uniformly  is  the  galena  argentiferous  that  where  it  is 
present  somewhat  more  than  1  oimcfe  of  silver  for  every  per  cent  of 
lead  may  be  assimied  with  fair  safety. 

The  many  problems  connected  with  the  alteration  of  this  type  of 
ore — the  relative  amounts  of  lead,  silver,  and  zinc  near  the  outcrop 
compared  with  the  relative  amoimts  below,  and  the  value  of  the 
oxidized  ore  relative  to  the  primary  ore — can  be  elucidated  but  little 
as  a  result  of  these  studies.  When  the  district  becomes  active,  how- 
ever, it  will  be  an  excellent  field  for  special  studies  on  these  prob- 
lems. 

AGS  AHD  OSHZSIS. 

The  discussion  of  the  age  of  the  silver-copper  veins  (pp.  36-38) 
appUes  equally  well  to  the  lead-silver  deposits.  They  are  thought  to 
have  formed  during  the  late  Cretaceous  or  the  early  Eocene. 

The  genesis  of  the  lead-silver  deposits  also  is  thought  to  be  similar 
to  that  of  the  silver-copper  veins.  The  two  types  have  many  impor- 
tant features  in  common.  In  each  the  formation  of  siderite  charac- 
terized the  earliest  stage  of  mineralization.  This  was  followed  by 
quartz  and  the  metallic  sulphides  and  sulphantimonites.  Both  types 
are  rich  in  silver;  both  contain  lead  and  copper,  although  the  vastly 
different  amounts  of  these  metals  aflford  the  basis  for  a  f airlv  definite 
distinction.  The  Hoosier  mine  contains  two  parallel  flat-lying  veins 
60  feet  apart,  which  have  the  same  geologic  relations;  both  are  fol- 
lowed by  a  thick  veiD  of  barren  quartz,  and  indeed  there  is  every 
geologic  reason  for  thioking  that  they  are  absolutely  contempora- 
neous in  origin,  yet  one  furnishes  a  distinct  lead-silver  ore  and  the 
other  a  distinct  silver-copper  ore. 

Two  eccentric  occurrences  which  may  have  considerable  genetic 
significance  are  related  to  this  type  of  deposits,  and  although  no 
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attempt  is  made  to  interpret  them  the  facts  are  recorded  in  this  con- 
nection. The  peculiar  veins  of  massive  clear-white  quartz,  one  10  to 
12  feet  thick  and  the  other  40  feet  thick,  which  overlie  both  of  th^ 
Hoosier  veins,  form  one  of  these  features.  They  are  slightly  later 
than  the  vein,  and,  as  is  suggested  (p.  70),  it  is  believed  that  they  fol- 
lowed closely  the  opening  of  the  spaces  which  they  occupy,  or  per- 
haps caused  them.  The  other  special  feature  is  the  sharp  transition 
of  the  Red  Bird  lead-silver  ore  body  into  an  underlying  mass  of 
vuggy  pyrite  50  or  more  feet  across,  at  a  point  between  the  seventh 
and  eighth  levels  of  the  mine,  the  only  place  where  it  has  been  cross- 
cut.    (See  p.  75.) 

GOLD-COPPER  DEPOSrrS. 

Deposits  characterized  by  gold-copper  ores  are  recognized  only  in 
the  Loon  Creek  district,  in  the  northwestern  part  of  the  area  studied. 
Here  but  one  mine,  the  Lost  Packer,  has  been  an  important  producer 
of  this  type  of  ore,  although  two  or  three  similar  veins  are  situated 
in  its  immediate  vicinity. 

OBOLOOZC  ESLATZOVS. 

The  deposits  are  situated  in  a  mountainous  area  in  which  eleva- 
tions range  from  5,000  to  more  than  9,500  feet.  The  topographic 
features  are  carved  from  rocks  of  Algonkian,  Paleozoic,  late  Creta- 
ceous, and  early  Tertiary  ages.  The  Algonkian  comprises  mica 
schists  and  quartzites  which  outcrop  over  an  irregular  area  of  about 
2  square  miles,  in  the  northern  part  of  which  the  deposits  are  situ- 
ated. West  of  the  Algonkian  area  a  vast  extent  of  quartz  diorite 
appears  at  the  surface,  and  southwest  of  it  outcrop  the  Paleozoic 
beds,  which  consist  of  quartzites,  slates,  and  dolomitic  limestones. 
A  great  number  of  granite,  granite  porphyry,  and  diorite  porphyry 
dikes  traverse  the  Algonkian  rocks,  and  extrusions  of  quartz  latite 
cap  the  Algonkian  in  its  northern  part. 

Li  age  the  veins  are  intermediate  between  the  granite  and  the 
numerous  granite  porphyry  and  diorite  porphyry  dikes. 

CHA&AOTXB  or  THB  DXP08ZTB. 

The  gold-copper  deposits  occupy  fissures  which  strike  a  few  degrees 
east  of  north  and  dip  about  75^  NW.  The  Lost  Packer  fissure  has 
been  traced  from  Canyon  Creek,  at  Ivers,  north  about  3,000  feet  to 
the  quartz  latite  aJbove  the  mine.  South  of  Canyon  Creek  it  has 
not  been  definitely  recognized,  but  several  small  outcrops  may 
represent  its  continuation.  This  fissure  has  been  explored  for  about 
2,000  feet  along  its  strike  and  1,000  feet  on  its  dip.  It  is  bounded 
by  well-defined  walls  which  commonly  stand  3  to  5  feet  apart,  the 
interiih  being  filled  with  gouge,  sheeted  wall  rock,  or  ore.     The 
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Trails  present  numerous  slickensides,  but  distinct  grooves  having 
even  an  approximately  uniform  direction  do  not  appear.  The  gouge 
also  evidences  much  shearing  and  gliding  between  contiguous  parts. 
Important  displacement  along  this  fissure,  however,  is  not  recorded. 
Most  of  the  movement  clearly  antedates  the  ore  and  probably  deter- 
mined the  channels  along  which  the  ore-bearing  solutions  traveled. 
In  general,  the  vein  material  is  confined  to  the  fissure,  though  in  a 
few  places  bunches  of  chalcopyrite  have  been  found  as  far  as  20  feet 
from  the  main  ore  bodies.  Within  the  fissure,  in  most  places  the 
pre  occurs  as  a  definite  band,  ranging  in  width  from  a  few  inches  to 
3  or  4  feet  and  averaging  perhaps  20  or  24  inches.  It  follows  either 
the  footwall  or  the  hanging  wall,  perhaps  being  more  commonly 
next  to  the  former. 

OBS  8KOOTB. 

The  deposits  are  further  characterized  by  ore  shoots,  which  lie  in 
the  plane  of  the  vein  at  irregular  intervals  along  its  strike.  In  the 
Lost  Packer  mine  three  are  recognized.  Intermediate  between  the 
shoots  the  walls  are  much  closer  together  than  elsewhere,  although 
the  position  of  the  fissure  is  always  indicated  by  a  band  of  gouge 
from  1  inch  to  3  or  4  feet  thick.  The  shoots  are  unequally  spaced, 
but  all  pitch  to  the  south,  thus  presenting  a  decided  parallelism 
(fig.  4,  p.  95).  The  position  of  these  shoots  is  thought  to  have  been 
determined  by  relative  movement  of  the  walls  sufficient  to  bring 
reversed  curves  opposite  each  other.  This  opinion  is  based  on  two 
observations:  First,  although  in  any  cross  section  in  a  shoot  both 
ore  and  gouge  are  conmionly  present,  it  seems  to  be  true  that  where 
the  walls  are  farthest  apart  the  ore  is  widest,  and  also  that  the  walls 
are  farther  apart  within  the  shoots  than  at  points  intermediate 
between  them.  Second,  the  general  parallelism  of  the  shoots  sug- 
gests this  origin. 

THE  0BS8. 

Oeneral  character. — The  gold-copper  ore  is  essentially  auriferous 
chalcopyrite  in  a  siderite-quartz  gangue,  the  relative  importance  of 
the  three  minerals  varying  markedly  from  place  to  place  in  the  same 
shoot  and  especially  in  the  different  shoots.  The  amount  of  gold 
associated  with  the  chalcopyrite  is  exceptionally  large,  assays  of  this 
mineral  commonly  showing  2  to  3  ounces  of  gold  to  the  ton.  Inter- 
grown  with  the  siderite  of  the  gangue  is  a  little  calcite.  Pyrite  is 
exceedingly  rare,  but  locally  occurs  as  small  grains  and  cubes  within 
the  chalcopyrite.  Similar  in  its  occurrence  is  pyrrhotite,  but  it  is 
even  less  abimdant.  A  little  barite  has  been  reported  by  Jennings,^ 
but  careful  search  during  the  present  studies  failed  to  reveal  this 
mineral. 

1  JomingB,  E.  P.,  The  Lost  Packer  coppered  lode  [Idaho]:  Jour.  Canadian  Mln.  Innt.,  vol.  9, 1906,  p.  66. 
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Oxidation  products  are  not  quantitatively  important  in  the  deposits 
and  disappear  entirely  within  50  or  75  feet  from  the  surface.  Most 
important  among  them  are  oxides  of  iron  and  carbonates  of  copper. 
Fihns  of  bomite  and  a  few  of  native  copper  occur  locally  a  few  feet 
beneath  the  surface. 

Mineralogy  of  the  different  shoots. — The  three  shoots  of  the  li^t 
Packer  mine,  the  only  developed  deposit  of  this  type,  contain  ores 
rather  distinct  from  each  other  in  mineralogic  composition.  The 
shoots  are  locally  designated  the  north,  south/  and  middle.  Ore 
from  the  north  shoot  consists  of  coarse-textured  milky  to  bluish 
white  quartz  with  much  chalcopyrite  and  a  little  pyrrhotite  irregu- 
larly scattered  through  it.  On  most  levels  siderite  is  rare,  but  on 
No.  4  it  is  equally  abundant  with  chalcopyrite  and  presents  the 
same  irr^ular  distribution.  The  middle  shoot,  the  most  productiye 
in  the  mine,  contains  ore  which  consists  essentially  of  chalcopyrite  and 
distributed  as  bunches,  small  patches,  irregular  grains,  and  interstitial 
fillings  in  a  gangue  of  coarse  white  quartz.  Here  chalcopyrite  con- 
stitutes about  one-third  of  the  total  material  mined.  Siderite  b 
present  but  is  never  an  important  constituent.  The  south  shoot 
contrasts  with  the  other  two  in  that  siderite  is  its  most  abundant 
mineral.  Chalcopyrite  is  associated  with  the  siderite  in  such  propor- 
tions  that  the  ore  runs  26  per  cent  iron  and  4^  per  cent  copper. 
(See  PL  VIII,  A,) 

Grold  is  included  about  equally  in  the  quartz  and  the  chalcopyrite, 
each  containing  2  to  3  ounces  to  the  ton,  but  less  is  present  in  the 
siderite,  assays  of  this  mineral  commonly  showing  about  half  an 
ounce  to  the  ton. 

Tenor  of  the  ore. — ^The  ore  which  has  supplied  the  total  production 
of  about  half  a  million  dollars,  has  averaged  between  $80  and  $90  to 
the  ton,  but  for  every  ton  of  this  grade  which  has  been  encoimtered 
in  the  deposit  there  is  estimated  to  be  2^  tons  which  will  average  $25. 

AOB  AHD  OEHBBIB. 

The  gold-copper  veins  outcrop  through  a  vertical  range  of  about 
1,600  feet,  the  highest  exposure  being  but  little  below  the  level  of  the 
Eocene  erosion  surface.  Within  this  distance  there  is  no  mineralogic 
change  which  seems  in  any  way  related  to  depth  of  deposition.  In 
the  deposit,  however,  are  appreciable  quantities  of  pyrrhotite,  a  min- 
eral believed  to  indicate  deposition  at  considerable  depth — a  depth 
probably  exceeding  3,000  or  4,000  feet.  It  is  beheved,  therefore,  that 
the  veins  were  formed  well  before  the  close  of  the  Eocene.  On  the 
other  hand,  the  Lost  Packer  vein  cuts  across  granite  dikes  which  are 
evidently  a  phase  of  the  quartz  diorite  intrusion.  Thus  the  veins 
are  postrquartz  diorite.  It  has  been  shown  (p.  23)  that  this  igneois 
mass  was  very  probably  intruded  at  about  the  close  of  the  Cretaceous. 
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These  veins  are  therefore  believed  to  have  formed  during  the  early 
part  of  the  great  period  of  erosion  which  resulted  in  an  Eocene  sur- 
face of  gentle  topographic  forms  (p.  28).  Further  evidence  that  they 
were  formed  during  the  early  part  of  this  period  is  afforded  by  their 
relation  to  the  granite  and  granite  porphyry  dikes.  These  dike  rocks 
are  probably  very  closely  related  in  age,  yet  the  veins  are  older  than 
the  one  and  younger  than  the  other. 

The  genesis  of  the  deposits  is  not  apparent  from  local  evidence, 
although  their  close  accordance  in  age  with  the  quartz  diorite  batholith 
strongly  suggests  a  genetic  relation  between  the  two.  Considered 
broadly,  the  most  significant  fact  relative  to  the  genesis  of  ore  deposits 
in  general  is  the  almost  universal  presence  of  igneous  rocks  near  them. 
The  metallic  constituents  of  some  types,  such  as  contact-metamor- 
phic  replacement  deposits  and  segregated  ores,  have  been  unques- 
tionably derived  from  the  inclosiug  or  near-by  igneous  rock.  Gradar 
tions  exist  between  these  types  and  veins,  and  hence  in  studies,  of 
small  areas  it  is  not  inappropriate  to  revert  to  broad  correlations  for 
evidence  on  genesis. 

Granitic  rock,  one  phase  of  which  is  represented  by  the  quartz 
diorite  near  Ivers,  outcrops  continuously  over  more  than  20,000 
square  miles  in  central  Idaho.  Surrounding  this  area  are  numerous 
bathoUths,  reasonably  supposed  to  be  outUers.  Igneous  intrusions, 
therefore,  which  must  have  created  very  exceptional  physical  and 
chemical  conditions  at  about  the  time  the  ores  were  deposited,  are 
present.  In  places  in  adjoining  regions  comparable  de})osits  are 
definitely  distributed  along  the  margins  of  such  rutrusions.  Thus 
the  deposits  at  Wood  River  occur  along  the  borders  of  a  central 
granitic  mass,^  and  those  in  the  Mackinaw  district,  Lemhi  County, 
are  similarly  situated.* 

From  the  above  considerations  it  is  concluded  that  the  quartz 
diorite  intrusion  is  the  direct  cause  of  the  formation  of  the  gold-copper 
veins,  and  it  is  believed  that  it  suppUed  most  of  their  constituents. 

POST-OUGOCENB  ORE  DEPOSITS. 
GOLD-SILVER   VEINS. 

Veins  characterized  by  gold-silver  ores  have  been  found  only  in  the 
Yankee  Fork  district,  but  here  they  are  rather  widely  distributed. 
Custer,  Bonanza,  and  Stmbeam  have  each  in  the  past  been  centers 
of  important  mining  operations.  The  total  production  of  the  gold- 
silver  veins  is  estimated  at  $12,000,000,  about  40  per  cent  of  which 
has  been  in  gold  and  the  remainder  in  silver. 

1  Lindgren,  Waldemar,  The  gold  and  Bilver  veins  of  Silver  City,  De  Lamv,  and  other  mining  disMots 
in  Idaho:  Twentieth  Ann.  Kept.  U.  S.  Geol.  Sunoy,  pt,  3,  1900,  pp.  190-230. 

>  Umpleby,  J.  B.,  Geology  and  ore  deposits  of  Lemhi  Comity,  Idaho:  BulL  U.  8.  Oeol.  Survey  Na  5S8^ 
1913,  p.  152. 
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OZOLOOIC  BBLATZOirS. 

The  rock  formations  in  the  vicinity  of  the  gold-silver  veins  include 
Algonkian  schifits  and  quartzites,  and  Miocene  tuffs,  latites,  andesites, 
basalts,  and  rhyolites.  The  Miocene  rocks  occupy  a  great  erosion 
valley  about  10  miles  wide  and  3,000  feet  deep,  which  was  developed 
after  the  elevation  of  the  Eocene  erosion  surface.  The  gold-silver 
veins  are  wholly  inclosed  in  these  rocks. 

KBTASOKATIC  ALTSBATIOV  07  THE  WALLaOCKS. 

Intense  metasomatic  alteration  of  the  wall  rocks  adjacent  to  the 
fissures  is  a  conspicuous  feature  of  the  goldnsilver  veins.  Silicification 
or  sericitization,  or  both,  characterize  the  rocks  for  50  or  100  feet, 
and  in  many  places  for  1,000  feet  or  more  from  the  deposits.  The 
silicification  is  most  intense  next  to  the  veins  and  gradually  gives  way 
to  sericitization  at  a  distance  of  50  or  100  feet.  Well  removed  from 
the  veins,  say  beyond  200  feet,  chlorite  is  locally  an  abundant  meta- 
somatic mineral.  So  intense  is  this  alteration  that  in  many  of  the 
thin  sections  it  is  impossible  to  determine  whether  the  original  rock 
was  a  tuflf,  andesite,  or  rhyolite.  Where  better  preserved  the  rhyo- 
lites show  phenocrysts  of  quartz  and  partly  altered  orthoclase  in  a 
highly  sericitized  or  siUcified  groundmass.  In  the  andesites  and  latites 
the  phenocrysts  and  groundmass  seem  to  have  altered  with  about 
equal  facility.  Small  cubes  and  patches  of  pyrite  are  abundant  in 
most  of  the  wall  rock  near  the  veins.  For  more  detailed  descriptions 
see  p^e  83. 

OHABAOTXB  07  THE  VEZHS. 

The  ore  bodies  commonly  occur  as  veins  about  4  feet  wide,  but  in 
the  Golden  Simbeam  mine  the  principal  body  was  a  great  irregular 
mass  of  mineralized  tuff,  which  on  No.  2  level  was  130  feet  long  by 
75  feet  wide  and  extended  upward  86  feet  and  downward  115  feet. 
The  Montana  shoot  also  was  of  exceptional  shape,  being  20  to  25  feet 
in  length  by  5  to  17  feet  in  width  and  530  feet  in  depth.  In  general, 
the  contact  of  the  vein  material  with  the  inclosing  rock  is  sharp  and 
the  numerous  included  fragments  of  wall  rock  are  angular.  A  pro- 
nounced banding  is  conspicuous  in  the  veins;  the  bands  broadly  par- 
allel the  walls,  but  in  detail  concentric  arrangement  is  common. 

The  vein  filling  is  predominantly  fine-grained  quartz,  and  asso- 
ciated with  it  are  small  amoimts  of  chalcedony  and  opal.  Calcite  is 
conspicuous  in  some  of  the  deposits,  as  in  the  Lucky  Boy,  where  it 
constitutes  perhaps  20  per  cent  of  the  vein.  The  calcite  occurs  both 
as  equidimensional  rhombohedral  crystals  and  as  lamellar  crystals, 
the  latter  commonly  replaced  by  quartz.  Indeed,  much  of  the  quartz 
has  this  lamellar  form,  showing  it  to  be  pseudomorphous  after  calcite. 
Adularia  is  locally  either  intergrown  with  or  embedded  in  the  quartz. 
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The  metallic  minerals  are  irregularly  distributed  through  the  quartz 
and,  to  a  less  extent,  through  the  calcite.  Dark-gray  bands  of  sub- 
metallic  luster  parallel  the  crustification  of  the  vein  material  in  many 
places.  Within  these  bands  individual  minerals  are  too  small  for 
identification  even  with  a  microscope.  Along  the  strike  of  the  veins 
the  ore  minerals  are  largely  confined  to  definite  sections,  thus  forming 
the  ore  shoots,  which  alone  have  been  mined  at  a  profit. 

DBS  BHOOTB. 

The  ore  shoots  of  these  deposits  comprise  (1)  segments  of  otherwise 
comparatively  barren  quartz-calcite  veins,  (2)  disseminations  of 
stock-like  form  not  related  to  fissure  fillings,  and  (3)  chimneys  of  ore 
apparently  independent  of  fissure  veins.  The  most  important  de- 
posits  are  of  the  first  type,  which  represents  all  the  mines  except  the 
Golden  Sunbeam  and  the  Montana.  The  Golden  Sunbeam  was  a 
great  stock-like  body  of  mineralized  tuff,  and  the  Montana  was  a 
chimney  of  ore  about  10  by  20  feet  in  cross  section. 


Mineralogy, — ^The  xmaltered  ore  is  a  fine-grained  quartz,  locally 
accompanied  by  large  amouiits  of  calcite  and  a  Uttle  chalcedony, 
opal,  and  adularia.  Of  the  metalUc  sulphides  pyrite  alone  is  abxm- 
dant  and  uniformly  present.  Tetrahedrite  is  not  imcommon,  and 
chalcopyrite,  galena,  and  rarely  enargite  occur  in  some  of  the  de- 
posits. Widespread  and  important,  as  they  have  been  found  to 
characterize  the  richer  ores,  are  blue-black  submetaUic  bands  and 
blotches,  in  which  pyrite  and  gray  copper  and  rarely  chalcopyrite 
may  be  recognized  with  the  aid  of  the  microscope,  but  the  pre- 
dominant material  shows  as  blue-black  specks  too  small  to  be  identi- 
fied. Partial  analyses  of  two  specimens  of  this  material  were  made 
by  R.  C.  Wells.  A  specimen  from  the  Montana  mine  showed  gold, 
selenium,  lead,  a  little  bismuth,  and  a  trace  of  copper.  Tellurium 
was  not  present.  A  specimen  from  the  Lucky  Boy  dump  contained 
gold,  selenium,  lead,  some  copper,  and  a  trace  of  bismuth.  Here  also 
telluritun  was  not  detected.  The  definite  amoxmt  of  selenium  in 
both  of  these  ores,  the  only  ones  analyzed  for  it,  suggests  the  presence 
of  some  selenide. 
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An  analysis  of  Lucky  Boy  ore  taken  at  a  depth  of  about  400  feet 
from  the  surface  was  furnished  by  Mr.  Nicholas  Treweek,  manager 
of  the  Lucky  Boy  Grold  Mining  Co.,  and  is  as  follows: 

Partial  analysis  of  ore  from  Lucky  Boy  mine,  Custer  County  j  Idaho, 

[Analysis  by  Union  Assay  Office.    Gold  and  silver  in  ounces  per  ton;  other  Items  in  peroentagea.] 

Gold 1.34 

Silver 25.90 

Lead 00 

Copper 00 

Insoluble 67.  30 

Zinc 00 

Sulphur 50 

Iron 1. 40 

Lime 15. 40 

By  calculating  the  calcium  oxide  as  calcite,  and  adding  to  this  the 
amounts  of  other  constituents  shown  in  the  analysis,  it  is  readily  seen 
that  about  3  per  cent  of  material  is  not  accounted  for.  Some  of  this 
material  is  doubtless  moisture,  but  it  probably  also  represents  the 
several  constituents  identified  by  Mr.  Wells  (cited  above). 

The  oxidized  ore  is  firm  quartz,  heavily  stained  with  iron,  man- 
ganese, and  locally  vdth  copper.  Calcite  is  rare  in  the  outcrops,  but 
numerous  lamellar  and  rhombohedral  forms  of  quartz  indicate  its 
former  presence.  Kaolin  of  creamy  white  color,  unless  stained  by 
iron  oxide,  occurs  in  cavities  and  along  crevices  in  the  oxidized  ore. 
It  is  probably  in  part  due  to  the  weathering  of  adularia,  and  in  part 
is  infiltrated  from  the  sericite  and  feldspar  of  the  wall  rocks.  Cerar- 
gyrite  and  wire  silver  are  both  present,  but  only  locally  do  they 
occur  in  noteworthy  quantities.  Much  of  the  gold  even  in  the 
primary  ore  is  free,  though  so  minutely  divided  as  to  be  invisible  even 
microscopically.  Coarse  gold  occurs  near  the  surface  in  some  of  the 
deposits,  notably  the  Morrison  vein.  Some  of  the  gold  may  be  asso- 
ciated with  the  selenium  as  a  selenide,  though  the  relation,  if  it 
exists,  has  not  proved  susceptible  of  demonstration  with  the  material 
at  hand. 

Tenor  of  the  ores, — Gold  and  silver  are  present  in  quantities  which 
vary  from  place  to  place.  Thus  the  Montana  shoot  furnished  pre- 
dominantly gold  ores,  whereas  the  General  Custer  contained  only  1 
ounce  of  gold  to  80  or  90  ounces  of  silver.  In  general,  the  ores 
mined  have  been  high  grade,  common  assays  ranging  from  $50  to 
$100  per  ton,  some  of  them  much  more. 

It  has  been  generally  found  in  the  area  that  the  tenor  of  the  ores 
decreases  markedly  with  depth.  The  Montana  shoot  was  worked  at 
big  profit  for  the  first  500  feet,  but  a  tunnel  driven  to  tap  it  at  greater 
depth  failed  to  reveal  ore  in  commercial  quantities.  The  General 
Custer  ore  body  was  not  worked  below  the  level  of  Yankee  Fork. 
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The  Golden  Sunbeam  was  disappointing  on  the  lower  levels.  The 
Charles  Dickens  was  abandoned  at  a  depth  of  250  feet,  as  was  also  the 
Morrison.  The  Lucky  Boy,  the  deepest  mine  in  the  district^  was 
worked  to  the  900-foot  level,  but  most  of  the  production  came  from 
much  nearer  the  siu^ace. 

An  analysis  of  the  problem,  however,  indicates  that  for  the  veins 
as  a  whole  this  impoverishment  may  be  more  apparent  than  real. 
In  the  first  place,  the  ores  below  a  depth  of  50  to  100  feet  are  primary; 
second,  they  were  formed  before  erosion  had  carved  most  of  the 
present  topographic  features;  and,  third,  they  occur  at  various 
elevations  between  6,500  and  9,500  feet.  Otherwise  stated,  primary 
ore  plays  out  at  a  moderate  depth  below  an  accidental  surface  of 
erosion  which  is  far  from  parallel  to  the  surface  prevailing  at  the  time 
of  ore  deposition.  Thus  it  can  not  be  assumed  that  depth -below 
the  original  surface  dietermined  the  lower  limit  of  the  deposits  as  now 
known.  From  this  line  of  evidence  it  would  seem  that  though  the 
shoots  now  known  have  given  out  at  moderate  depth,  others  like 
t^em  in  shape  may  be  present  well  below  the  now  existing  accidental 
surface.  Opposed  to  such  a  conclusion,  however,  is  the  fact  that 
with  a  few  exceptions  veins  of  this  type  and  age  have  not  been 
worked  at  a  profit  below  1,000  feet,  and  the  greater  part  of  their 
aggregate  production  has  come  from  a  depth  less  than  500  feet. 

AOB  Aim  GXHSSIB. 

The  gold-silver  veins  are  inclosed  in  lavas  of  Miocene  age.  After 
their  formation  great  vallejrs  were  carved  and  as  these  valleys  are 
partly  filled  with  outwash  from  the  ice  they  evidently  existed  at  the 
beginning  of  the  Pleistocene.  Some  of  them,  as  that  of  Yankee 
Fork,  are  more  than  3,000  feet  deep,  and  because  they  occur  near  the 
headwaters  of  the  stream  which  drains  the  area  it  does  not  seem 
unreasonable  to  assign  most  of  the  Pliocene  epoch  to  their  develop- 
ment. As  the  veins  existed  before  the  valleys  were  formed,  and  as 
they  are  inclosed  in  Miocene  rocks,  the  ore  deposits  are  believed  to  be 
of  late  Miocene  or  early  Pliocene  age. 

In  a  study  of  the  genesis  of  these  deposits  three  principal  features 
stand  out — (1)  the  intense  and  far-reaching  alterations  of  the  wall 
rock,  (2)  the  angular  form  of  wall-rock  fragments  inclosed  in  the 
veins,  and  (3)  the  general  crustified  arrangement  of  the  vein  material. 
The  composition  of  the  veins  themselves  is  important  but  seems  to 
have  less  bearing  on  the  problem  of  genesis.  Intense  alteration  of 
the  wall  rock  appears  in  every  specimen  studied — near  the  veins 
silicification,  farther  removed  sericitization,  and  locally  also  chloriti- 
zation.  Solutions  thus  capable  of  working  out  into  the  walk  were 
probably  highly  heated   and   impelled   by  considerable  pressure. 

98186*'— Bull.  53^-13 4 
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They  did  not,  however,  possess  corroding  properties  to  any  marbd 
degree,  for  included  fngments  of* wall  rock  are  notably  aoguUr. 
Further,  the  solutions  operated  in  open  channels,  as  shown  by  th« 
general  crustification  of  the  y^  material  and  the  nun^ierous  caTiiies 
lined  with  dmsc!^  of  quartz  ciystak. 

It  has  been  shown  above  that  the  veins  are  closely  related  in  age  to 
the  lavas  and  tuffs  which  inclose  them.  They  also  present  the  tjpe 
of  wall-rock  alteration  which  in  many  districts  where  detailed  studies 
have  been  made  has  been  attributed  to  hot  ascending  solutions 
genetically  related  to  some  ^eous  activity.  It  is  believed,  then?- 
fore,  that  the  gold-silver  veins  of  Yankee  Fork  district  are  genetically 
related  to  the  same  igneous  activity  which  earlier  found  expression 
in  the  great  beds  of  tuffs  and  lavas. 

GOLD  PLACERS. 

DigiriinUian  and  hitiary, — Gold  placers  are  recognized  in  the  Lood 
Creek  and  Yankee  Fork  districts.  Hie  first  discovery  was  nude 
near  the  mouth  of  Canyon  Creek,  a  tributary  of  Loon  Creek  in 
1869  and  during  the  decade  following  the  placers  were  actively  worked 
producing  upward  of  SI, 000 ,000.  During  the  period  of  placer 
activity  on  Loon  Creek  gold  was  discovered  in  the  gravels  aloD^ 
Jordan  Creek  in  the  Yankee  Fork  district.  Here  the  productinc 
was  not  large,  probably  not  more  than  S50,000. 

Character  of  the  deposiis, — ^Placer  locations  along  Yankee  Fork 
cover  the  valley  flat  from  Salmon  River  to  Jordan  Creek,  and  theDi^ 
extend  up  the  latter  stream  for  about  2  miles.  Extensive  e::(ploratii.c 
by  drilling  has  been  accomplished,  but  with  what  success  is  not  gen- 
erally known.  The  early  production  came  from  the  area  near  thp 
mouth  of  Jordan  Creek,  where  the  gold  occurred  as  fine  flakes  and  a 
few  large  nuggets  that  were  found  near  bedrock.  Here  the  gravfi 
bed  was  thin,  but  south  of  this  place  it  is  known  to  be  as  much  as  *X) 
feet  thick. 

On  Loon  Creek  470  acres  are  held  as  placer  ground  by  the  Loi^: 
Creek  Hydraulic  Placer  Co.  The  area  is  4^  miles  long  and  about  1 ,0>i 
feet  in  average  width.  A  strip  75  feet  wide  and  about  1  mile  loni: 
situated  along  the  upper  part  of  the  main  channel,  afforded  the  earh 
production.  Here  the  gravel  bed  is  2  to  6  feet  thick,  but  back  of  it 
are  terraces  10  to  30  feet  high,  which  the  present  owners  have  {ml^- 
pectcd  during  two  seasons  and  are  now  planning  to  hydraulic  Th 
average  return  from  the  numerous  prospect  pits  in  these  t-erraci^ 
was  about  25  cents  a  cubic  yard. 

The  Loon  Creek  placers  comprise  loosely  cemented  aurifeix)ib 
gravels  which  rest  upon  a  rather  even  floor  of  schist.  The  pebble^ 
average  perhaps  3  inches  in  diameter,  though  locally  bowlders  &s 
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much  as  3  feet  fmd  a  few  6  feet  across  arc  encountered.  Sand  is  the 
cementing  material.  The  gold  occurs  in  the  lower  2  or  3  feet  of  the 
deposits  and  in  joints  and  shallow  depressions  in  bedrock.  Coarse 
gold  prevails,  nuggets  weighing  an  ounce  or  more  being  not  uncom- 
mon, and  perhaps  50  per  cent  of  the  product  averaging  25  cents  a 
color  or  more.    Its  market  value  is  $18  per  ounce. 

Source  of  the  placer  gold, — ^The  gold  of  the  Yankee  Fork  placers  is 
obviously  derived  from  the  late  Tertiary  veins,  above  which  it  does 
not  extend.  Most  of  the  production  came  from  that  portion  of  Jor- 
dan Creek  immediately  below  its  intersection  with  the  Morrison- 
Charles  Dickens  vein — a  relation  which  points  to  that  vein  as  the 
source  of  most  of  the  gold  heretofore  mined. 

The  Loon  Creek  Placer  gold  is  thought  to  have  come  from  the  late 
Cretaceous  or  early  Eocene  veins  which  cross  Canyon  Creek,  for  the 
following  reasons:  First,  placers  have  not  been  found  above  the 
mouth  of  Canyon  Creek,  and,  second,  the  amount  of  gold  diminishes 
abmiptly  with  increasing  distance  below  its  junction  with  Loon  Creek. 

It  is  noteworthy  that,  although  the  older  veins  themselves  have 
not  been  nearly  as  productive  as  the  younger  ones,  the  placers 
derived  from  them  have  been  vastly  more  productive — a  relation  in 
keeping  with  the  widely  made  observation  that  the  late  Tertiary 
veins  do  not  yield  extensive  placers  even  though  they  are  not  uncom- 
monly bonanza  deposits. 

Age  of  the  plaeerg. — ^The  placers  are  believed  to  have  formed  late 
in  the  Pleistocene  epoch.  The  great  gravel  beds,  which  in  part  are 
auriferous,  occupy  post-Miocene  erosion  valleys.  Their  accumular 
tion  in  such  valleys  indicates  a  change  from  conditions  of  erosion  to 
those  of  deposition.  This  may  most  reasonably  be  thought  to  have 
occurred  during  the  general  period  of  ice  recession.  At  this  time  there 
was  an  abundant  supply  of  running  water  and  a  proportionately 
greater  supply  of  rock  rubble  loosened  and  in  part  ground  up  by  the 
glaciers.  As  the  ice  front  retreated  up  the  precipitous  tributary 
canyons,  vast  amounts  of  material  would  continually  be  made  avail- 
able for  transportation,  and  the  streams,  if  fully  loaded  in  their  upper, 
swifter  parts,  would  necessarily  deposit  below,  where  the  grade  was 
lower. 

It  is  therefore  believed  that  the  auriferous  gravels  were  deposited 
late  in  Pleistocene  time — a  belief  which  is  supported  by  the  small 
amount  of  erosion  which  they  have  undergone. 

MIKBBALS  OF  THE  DEPOSITS. 

At  least  32  mineral  species  occur  in  the  deposits  of  the  three  dis- 
tricts herein  described.  These  include  7  gangue  minerals  and  8  pri- 
mary and  17  secondary  metalUc  minerals.    Of  the  several  species 
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chalcopyrite,  galena,  tetrahedrite,  and  quartz  (auriferous)  are  indi- 
vidually important  as  ores.  The  minerals  are  listed  in  alphabetical 
order  below,  together  with  brief  notes  on  their  occurrence. 

Advlaria. — ^Vein  feldspar  is  common  though  not  abundant  in  the 
late  Tertiary  veins  of  the  Yankee  Fork  district.  It  is  usually  of 
microscopic  size  and  occurs  either  intergrown  with  the  quartz  or 
included  in  it. 

Anglesite. — ^Lead  sulphate  occurs  in  all  the  lead-silver  deposits  of 
the  area.  It  represents  an  intermediate  stage  in  the  alteration  of  lead 
sulphide  to  lead  carbonate. 

Argentite, — Silver  glance  is  rather  abundant  in  many  of  the  silver- 
rich  oxidized  ores  of  the  late  Tertiary  veins. 

Arsmopyrite,— The  iron  sulpharsenide  is  a  primary  mineral  of  minor 
importance  in  the  silver-copper  deposits  of  the  Bay  Horse  district. 

Azurite, — This  carbonate  of  copper  appears  in  many  of  the  vein 
outcrops  of  the  area  but  is  nowhere  suflSciently  abundant  to  constitute 
an  ore. 

Barite. — Barite  has  been  reported  from  the  Lost  Packer  vein,  but 
none  was  seen  during  the  present  investigation. 

Calamine. — Zinc  silicate  occurs  as  bundles  of  clear  white  columnar 
crystals  protruding  from  the  walls  of  small  cavities  in  the  oxidized 
lead-silver  ores. 

Caldte: — Calcite  is  a  common  gangue  mineral  in  the  late  Tertiarj' 
veins,  in  one  of  them,  the  Lucky  Boy,  constituting  about  20  per  cent 
of  the  ore. 

Cerargyrite. — Silver  chloride,  though  little  of  it  is  susceptible  of 
identification,  is  probably  the  most  abundant  silver  mineral  in  the 
oxidized  lead-silver  ores. 

Cerusite. — Sand  carbonate  is  the  most  important  ore  of  lead  that 
has  been  mined  in  the  area.  It  occurs  as  granular  masses,  as  a  rule 
heavily  stained  with  oxides  of  iron  and  manganese. 

CTudcocite. — Copper  glance  is  found  locally  as  films  along  cracks  in 
the  upper  level  of  the  Lost  Packer  mine.  It  is  probable  that  it  was 
also  present  in  the  upper  levels  of  the  silver-copper  deposits. 

CJialcopyrite. — Chalcopyrite  is  the  principal  ore  mineral  at  the  Lost 
Packer  mine,  where  it  carries  2^  to  3  ounces  of  gold  per  ton.  It  occurs 
in  small  amoimts  in  most  of  the  other  deposits  of  the  area. 

Dolomite. — Dolomite  occurs  rarely  as  a  gangue  mineral  in  the  lead- 
silver  deposits. 

Enargite. — Enargite  was  found  in  a  few  specimens  of  ore  from 
Dickens  HiU,  Yankee  Fork  district. 

Fluorite. — Small  cubes  of  fluorite  occur  in  cavities  in  the  oxidized 
ore  of  the  Red  Bird  mine,  Bay  Horse  district. 
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Galena, — Argentiferous  galena  constitutes  the  chief  primary  ore 
mineral  in  the  lead-silver  deposits.  It  also  occurs  sparingly  in  the 
silver-copper  deposits. 

Gold, — Native  gold  is  found  in  placers  iirthe  Yankee  Fork  and  Loon 
Creek  districts.  It  also  occurs  in  the  oxidized  gold-copper  ores,  and 
in  both  the  primary  and  secondary  gold-silver  ores. 

riematite, — Ferric  oxide  is  widespread  in  the  deposits  of  the  area  a.s 
an  oxidation  product. 

Limonite. — Ferric  hydroxide  is  similar  in  distribution  to  hematite. 

Afalachite. — Green  copper  carbonate  is  common  as  a  stain  in  the 
outcrops  of  the  gold-copper  and  silver-copper  deposits. 

JUinium, — ^Lead  oxide  was  seen  in  one  specimen  of  ore  from  the 
Beardsley  ore  bins. 

Pyrite. — Pyrite  is  a  persistent  mineral  in  the  area,  occurring  in  all 
the  deposits.  In  the  wall  rock  of  the  late  Tertiary  veins  abundant 
small  cubes  of  it  accompany  the  metasomatic  alteration. 

Pyrolusite. — Dendritic  manganese  oxide  is  not  imcommon  along 
fractures  in  the  lead-silver  deposits. 

Pyrrhoiite. — This  sulphide  of  iron  was  seen  only  in  the  ores  of  tlio 
Lost  Packer  mine,  where  it  occurs  sparsely  as  small  crystals  inclosed 
either  in  chalcopyrite  or  in  quartz. 

Quartz. — Quartz  is  a  common  gangue  mineral  in  all  tlie  deposits, 
but  is  the  predominant  constituent  only  in  the  late  Tertiary  veins. 

Siderite, — Iron  carbonate  is  the  characteristic  gangue  mineral  in  the 
pre-Oligocene  deposits. 

Silver. — Native  silver  occurs  sparingly  as  twisted  wirelike  filaments 
in  cavities  in  the  late  Tertiary  oxidized  ore. 

Smithsonite. — Zinc  carbonate  occurs  as  botryoidal  form^  with  drusy 
crystal  surfaces  lining  cavities  in  the  oxidized  lead-silver  ores. 

Sphalerite. — Sphalerite  is  common  in  the  primary  lead-silver  ore 
and  occurs  sparingly  in  the  silver-copper  ores.  A  few  crystals  also 
appear  in  the  late  Tertiary  veins. 

Tetrahedriie. — ^Tetrahedrite  is  the  characteristic  ore  mineral  in  the 
silver-copper  veins. 

Wad, — ^An  earthy  mixture  of  metallic  oxides  in  which  manganese 
oxide  is  the  dominant  constituent  is  abundant  in  the  upper  portions 
of  the  lead-silver  deposits.     It  may  best  be  classed  as  wad. 

OXTDATIOK  AND  GBOTTNB-WATBB  LBVBL. 

The  extent  to  which  oxidation  has  affected  the  ore  deposits  of  north- 
-westemCusterCoimty  varies  markedly  indifferent  parts  of  the  area  and 
in  different  deposits  in  the  same  district.  In  general,  the  gold-silver 
deposits  are  comparatively  little  oxidized  below  a  depth  of  40  or  60 
feet.     In  the  gold-copper  veins  oxidation  is  even  less  extensive,  but 
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in  the  lead-silver  and  silver-copper  deposits  probably  most  of  the  ore 
which  has  been  mined  has  been  largely  oxidized. 

The  difference  in  extent  of  oxidation  is  due  to  a  number  of  factors, 
most  important  among  thAn  the  amoimt  of  postmineral  fracturing. 
The  gold-copper  veins  are  not  only  comparatively  imfractured  but  are 
crossed  by  flat-lying,  unjointed  dikes',  which  protect  the  underlying 
portions  of  the  ore  body.  Lack  of  fracturing  also  is  the  dominant 
factor  in  preserving  the  primary  minerals  of  the  late  Tertiary  veins. 
The  deposits  of  Bay  Horse  district,  on  the  other  hand,  are  rather 
extensively  fractured,  but  even  here  the  extent  of  oxidation  is  erratic. 
In  the  Red  Bird  mine  sand  carbonate  is  conspicuous  in  the  ore  of  the 
lowest  workings,  about  900  feet  below  the  surface,  although  galena 
also  is  abundant.  In  the  Pacific  mine,  however,  with  less  than  200 
feet  of  cover,  galena  predominates.  The  River  View  ore,  as  seen  on 
the  dump,  is  largely  galena,  though  the  mine  is  situated  well  up  on  a 
cliff  of  intricately  jointed  limestone.  The  silver-copper  deposits, 
with  the  exception  of  the  New  Silver  Bell,  present  primary  ore  through- 
out those  portions  of  the  workings  now  safely  accessible. 

If  permanent  ground- water  level  for  the  region  be  assumed  to  accord 
approximately  with  the  bottoms  of  the  numerous  canyons,  nearly  all 
the  mining  development  has  been  well  above  ground-water  level. 
As  in  this  area,  where  the  beds  are  in  general  steeply  inclined  and 
joints  and  slaty  cleavage  are  abundant,  there  seems  no  reason  to 
doubt  the  above  assumption,  it  is  concluded  that  in  the  general 
erosion  of  the  region  oxidation  has  not  kept  pace  with  the  general 
lowering  of  the  water  table. 

FXTTTTBE  OF  MININa  IN  KOBTHWBSTBBK  CXTSTEB  COTJNTT. 

Northwestern  Custer  County  is  certain  to  produce  important 
amounts  of  silver,  lead,  copper,  and  gold  in  the  future,  if  only  from 
deposits  now  developed,  llie  deposits  of  the  Bay  Horse  district  are 
by  no  means  exhausted,  and  in  some  a  considerable  tonnage  is  actu- 
ally blocked  out.  Many  others  are  inadequately  developed  and  much 
of  the  intermediate  territory  is  comparatively  improspected.  In  the 
Yankee  Fork  district  little  ore  is  in  sight,  and  any  important  future 
production  from  the  shoots  now  recognized  is  problematic,  but  in  a 
heavily  timbered  area  where  such  bonanza  deposits  have  been  found 
there  is  ever  the  probability  of  new  discoveries.  The  Loon  Creek  dis- 
trict contains  gold  placers  which  will  probably  be  worked  in  the  near 
future.  In  addition  to  these  are  gold-copper  veins,  one  of  which  has 
been  explored  to  a  depth  of  1,000  feet  and  throughout  the  ore  has 
varied  in  value  from  $25  to  $90  to  the  ton  with  no  evidence  of  impover- 
ishment with  depth.  The  area  of  dolomitic  limestone  near  the  head 
of  Deer  Creek  is  also  thought  to  be  a  promising  field  in  which  to  pros- 
pect for  lead-silver  deposits. 
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It  is  highly  probable  that  in  a  rough  country  like  northwestern 
Custer  County  new  deposits  will  be  found  when  mining  again  becomes 
active.  Whether  such  activity  will  precede  the  advent  of  a  railroad 
is  doubtful,  for  the  larger  properties  are  held  by  companies  which  for 
many  years  have  shown  no  inclination  to  rob  the  known  deposits. 
The  advent  of  a  railroad,  however,  would  doubtless  inaugurate  a  min- 
ing activity  of  considerable  importance. 

The  area  is  one  far  more  worthy  the  attention  of  the  prospector 
than  many  which  are  being  more  adequately  explored.  Few  silver- 
lead  deposits  show  prominently  at  the  surface  not  only  because  they 
arQ  slightly  less  resistant  than  the  inclosing  rocks  but  because  the 
oxidation  products,  cerargyrite  and  sand  carbonate,  are  earthy  in 
appearance  and  commonly  break  up  into  small  fragments.  The 
absence  of  a  quartz  gangue  implies  the  absence  of  the  iron-stained 
quartz  float,  which  has  led  the  prospector  to  most  deposits  of  ore. 
The  silver-copper  and  gold-copper  deposits,  in  that  copper  stains 
etccompany  their  outcrops,  are  more  readily  recognized,  &nd  it  is  prob- 
able that  fewer  of  them  have  been  overlooked.  The  gold-silver  veins 
3ut<;rop  fairly  distinctly  at  the  stjrface  and  their  iron-stained  float 
lessens  the  probabilities  of  new  discoveries.  New  discoveries  of  any 
of  the  types  of  deposits,  however,  are  to  be  expected,  for  most  of  the 
iireA  is  well  timbered  and  many  of  the  uppei*  slopes  are  covered  by  a 

mantle  of  drift. 

MININa   DISTRICTS. 

BAY  HOB8B  DI8TBI0T. 

SrrUATION  AND  EXTENT. 

The  Bay  Horse  district,  situated  in  the  west-central  part  of  Custer 
[bounty,  Idaho,  comprises  the  area  about  that  great  bend  in  Salmon 
River  where  it  changes  from  an  easterly  to  a  northerly  course. 
Z)hallis,  the  county  seat  of  Custer  County,  is  near  its  northern  border, 
ind  the  old  mining  town  of  Clayton  is  centrally  situated  within  it. 
Ibout  midway  between  Challis  and  Clayton  is  Bay  Horse,  once  a 
lourishing  settlement  of  several  hundred  inhabitants,  which  now 
las  dwindled  to  7  or  8  persons,  as  most  of  the  properties  are  held 
>y  three  companies. 

Excellent  roads  connect  the  principal  settlements,  and  a  daily 
[except  Sunday)  stage  runs  both  up  Salmon  River  to  Yankee  Fork 
tistrict  and  down  the  Salmon  to  Challis.  Mackay,  reached  from 
>layton  by  way  of  East  Fork  and  from  Bay  Horse  and  Challis  by  a 
acre  northerly  route,  is  about  60  miles  southeast  and  is  the  principal 
upply  point. 

The  district  is  unorganized  and  of  very  indefinite  extent.  Prom 
he  Livingston  group  in  the  southern  part  to  the  Dougherty  claims 
n  the  nort^  ~  \ce  of  about  30  miles.     Its  average  width 

s  perhaps 
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.  HI8TOBY. 

The  first  location  in  the  Bay  Horse  district  was  made  in  March, 
1877,  when  the  River  View  deposit  was  staked.  In  August  of 
the  same  year  the  Ramshom,  Beardsley,  and  Excelsior  were  lo- 
cated. Active  development  b^an  in  1880,  and  from  then  imtil 
1898  the  district  supported  an  important  mining  industry.  Two 
smelters,  each  of  60  tons  daily  capacity,  are  situated  in  the  district, 
one  at  Bay  Horse  the  other  at  Clayton.  Both  commenced  operations 
in  1880  and  operated  four  to  five  months  each  year  until  1897,  when 
the  Bay  Horse  plant  was  permanently  closed  and  later  dismantled. 
Operation  of  the  other  plant  continued  until  1902,  when  it  also  was 
closed.  In  1896  a  mill  was  built  at  Bay  Horse  for  concentrating 
the  low-grade  lead-silver  ores  encountered  in  the  deeper  workings  of 
the  Beardsley  mine  but  was  operated  only  a  short  time. 

Since  the  smelters  and  mill  were  closed  some  of  the  mines  have 
continued  to  produce  a  small  amount  each  year,  the  ore  at  first 
being  hauled  165  miles  to  Blackfoot,  and  after  the  fall  of  1901  60 
miles  to  Mackay.  This  annual  output,  larger  at  first,  has  averaged 
about  two  cars  of  ore,  derived  largely  from  development  work. 

During  the  period  of  activity  three  principal  companies  operated 
in  the  district — the  Ramshom  Mining  Co.,  the  Clayton  Mining  & 
Smelting  Co.,  and  the  Beardsley  Mining  Co.  The  Beardsley  mines, 
however,  early  passed  into  the  possession  of  the  Ramshom  Co. 
Recently  a  large  group,  known  as  the  James  McGregor  group,  has 
been  formed  and  now  includes  most  of  the  smaller  properties.  The 
properties  of  the  Clayton  Co.  are  situated  on  Squaw  Creek,  near 
Clayton,  and  in  Bay  Horse  Canyon  (Skylark  and  Hood  mines) ;  the 
holdings  of  the  other  companies  are  near  Bay  Horse. 

PRODUCTION. 

Only  a  rough  estimate  of  the  total  production  of  the  district  is 
possible.  Much  ore  has  been  shipped  in  small  lots  and  the  early 
production  is  not  definitely  known.  The  total  of  the  estimates 
given  by  local  residents  and  the  State  mine  inspector  for  the  several 
properties  indicates  a  production  for  the  district  of  approximately 
$10,000,000.  This  has  been  derived  from  three  metals  about  as 
follows:  $6,900,000  from  silver,  $2,700,000  from  lead,  and  $650,000 
from  copper.  The  silver  was  associated  with  the  lead  as  argentifer- 
ous galena  and  its  oxidation  products,  and  with  the  copper  as  tetra- 
hedrite  and  minerals  derived  from  it.  Of  the  productive  mines  the 
Ramshom,  Skylark,  and  Silver  Bell,  producing  silver-copper  ores,  and 
the  Red  Bird,  Beardsley-Excelsior,  and  River  View,  producing  lead- 
silver  ores,  have  been  by  far  the  most  important. 
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MINING   CX>NDITIONS. 

The  Bay  Horse  district  is  a  well-timbered,  well-watered  area  of  bold 
topographic  forms.  It  is  a  region  of  widely  diverse  climatic  conditions 
due  to  its  great  ranges  in  elevation,  but  the  principal  roads  are  open  to 
traffic  throughout  the  year,  and  communication  with  outside  supply 
points  is  easily  carried  on,  even  during  the  winter  months.  Salmon 
River  and  its  tributaries  present  water-power  sites  suitable  for  the 
development  of  far  more  power  than  will  ever  be  needed  by  local 
industries.  The  bold  topographic  forms  encourage  mining  by  tun- 
nels in  many  places  to  depths  of  2,000  feet  or  more. 

Exclusive  of  transportation  facilities,  conditions  affecting  mining 
are  far  better  than  in  most  western  camps.  Und^  existing  condi- 
tions a  freight  and  treatment  charge  of  $20  to  $25  must  be  met  by 
every  ton  of  ore  which  is  hauled  the  60  miles  to  Mackay  and  thence 
shipped  to  the  smelters  at  Salt  Lake;  the  local  treatment  rate,  includ- 
ing the  consequent  haulage  of  coke  and  bullion,  was  but  little  less. 
Much  of  the  ore  in  the  district  could  meet  this  charge  and  allow  a 
good  margin  of  profit,  but  to  rob  the  deposits  of  their  better  ores  has 
not  been  the  policy  of  the  companies  which  own  the  larger  mines. 
As  the  district  is  traversed  by  the  valley  of  Salmon  River,  a 
natural  railroad  route,  and  separated  from  Mackay  by  an  exception- 
ally low  divide,  it  would  seem  that  the  companies  are  justified  in 
awaiting  and  expecting  better  transportation  facilities. 

At  the  time  of  the  writer's  visit  the  district  was  inactive,  but  in 
the  spring  of  1912  the  properties  of  the  Clayton  Mining  &  Smelting 
Ck).  were  purchased  by  the  Idaho  Smelting  &  Mining  Co.,  and  early 
in  the  fall  the  smelter  at  Clayton  was  blown  in. 

TOPOGRAPHY. 

The  Bay  Horse  district  is  a  portion  of  an  old  plateau  now  deeply 
dissected  by  the  streams  which  drain  it.  The  largest  of  these  is 
Salmon  River,  which  flows  in  a  deep,  narrow  canyon  whose  walls  rise 
abruptly  from  its  water  line  at  an  elevation  of  5,000  to  5,500  feet  by 
precipitous  slopes  to  9,000  or  9,800  feet  above  the  sea  and  there  open 
out  into  summit  tracts  remarkable  for  their  accordance  in  elevation. 
The  best-preserved  remnant  of  the  old  plateau  surface  which  these 
stimmits  record  is  Poverty  Flat,  an  area  of  about  25  square  miles  near 
Clayton.  It  stands  9,600  feet  above  sea  and  clearly  bespeaks  a 
former  erosion  surface  which  once  stood  near  the  base  level  of  erosion 
for  the  region.  This  old  erosion  surface  was  developed  during  the 
Eocene  epoch  (see  p.  17)  and  constitutes  the  most  valuable  local 
datum  plane  for  that  part  of  geologic  time  between  the  Paleozoic 
and  the  late  Tertiary. 
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Salmon  Biver  is  a  rapidly  flowing  stream  which  heads  about  50 

miles  west  of  the  district.    Within  the  district  East  Fork  constitutes 

'  its  principal  tributary,  although  Slate,  French,  and  Spudd  creeks 

from  the  southeast,  and  Thompson,  Squaw,  Kjimikinnick,  and  Bay 

Horse  creeks  from  the  northwest  add  greatly  to  its  volume. 

GEOLOGY. 

The  most  widespread  rocks  in  the  Bay  Horse  district  are  dolomites, 
dolomitic  limestones,  slates,  and  quartzites  of  Paleozoic  ago.  In  the 
southwestepi  part  Algonkian  metamorphic  rocks  are  present,  and  in 
the  eastern  and  northeastern  parts  are  Miocene  lacustrine  deposits. 
Andesites  and  tijffs  are  intimately  associated  with  the  lake  beds,  and 
locally  intruded  into  the  older  rocks  are  masses  of  late  Cretaceous  or 
early  Eocene  granite  and  diorite. 

The  Algonkian  rocks,  composed  of  slates,  schists,  and  quartzites^ 
outcrop  along  Salmon  River  from  a  point  near  the  mouth  of  Thomp- 
son Creek  westward  for  about  6  miles.  The  Liyingston  deposits  are 
possibly  inclosed  in  rocks  of  this  age,  but  all  the  others  are  within 
Paleozoic  beds.  The  Paleozoic  section  k  perhaps  best  exposed  in 
the  north  wall  of  Bay  Horse  Canyon  and  in  the  sides  of  Salmon  Can- 
yon near  Clayton.  It  comprises  about  9,000  feet  of  beds,  consisting 
of  massive  quartzite  overlain  by  dolomite,  dolonvitic  limestones,  and 
shales,  and  these  followed  by  a  great  thickness  of  shales  and  slates. 
The  section  is  discussed  in  some  detail  in  another  part  of  the  report 
(p.  19)  and  need  not  be  further  described  here. 

Igneous  rocks  of  late  Cretaceous  or  early  Eocene  age  comprise 
three  areas;  two  of  diorite  and  one  of  granite.  One  diorite  mass 
outcrops  for  three-fourths  of  a  mile  in  Kiimikinnick  Canyon  2i  miles 
north  of  Clayton;  the  other  is  of  comparable  size  and  is  cut  across 
by  Salmon  River  2  miles  east  of  Clayton.  The  granite  crosses  the 
upper  end  of  Bay  Horse  Canyon  as  a  belt  about  a  mile  wide.  Con- 
tact metamorphism  due  to  the  diorite  was  not  noted,  but  adjacent 
to  the  granite  the  slates  present  an  abimdapt  development  of  andar 
lusite  (?)  and  muscovite,  together  with  a  few  crystals  of  zoisite, 
actinolite,  garnet,  and  tourmaBne. 

The  lake  beds  and  associated  eruptive  rocks  and  tuifs  have  no 
direct  bearing  on  the  ore  deposits  and  will  not  be  discussed  here.  A 
description  of  them  appears  on  pages  26-27. 

Structurally  the  dominant  features  of  the  district  are  north-south 
anticlines,  one  of  which,  traversed  by  Bay  Horse  Canyon,  is  about  3 
miles  across  and  on  its  limbs  the  beds  dip  30°  to  60°.  From  Bay 
Horse  it  plunges  northward  and  within  2  miles  the  flat-lying  beds 
constituting  its  crest  descend  to  the  bottom  (;f  Beardsley  Gulch  on  a 
dip  of  about  25°.  The  structiu*e  of  this  anticline  south  of  Bay  Horse 
is  not  known.    Between  East  Fork  and  Squaw  Creek  are  two  anti- 
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clines  separated  by  a  syncline  which  is  followed  by  KijiJiikiimick 
Canyon.    Common  dips  on  the  limbs  of  these  are  40°  and  50°. 

Faults  are  not  conspicuous  in  the  district,  although  the  hurried 
nature  of  the  examination  makes  it  possible  that  important  disloca^ 
tions  were  overlooked.  Probably  the  largest  fault  noted  passes 
northwest-southeast  a  short  distance  above  Bay  Horse.  It  has  a 
throw  sufficient  to  bring  the  overlying  ( ?)  shales  against  the  limestone 
which  outcrops  near  the  bottom  of  the  canyon  above  Bay  Horse — a 
throw  which  is  probably  hundreds  of  feet.  In  the  Ramshom  mine 
two  north-south  faults  with  downthrow  of  20  to  30  feet  on  the  east 
were  noted,  and  in  the  Skylark  mine  an  east-west  fault  displaces  the 
vein  about  60  feet  to  the  east  on  the  north  side. 

ORE  DEPosrrs. 

CLASSIFZCATXOK. 

The  ore  deposits  of  the  Bay  Horse  district  fall  into  two  fairly  well 
defined  groups  according  to  the  principal  metals  contained.  Thus 
they  may  be  classified  as  lead-silver  and  silver-eopper  deposits,  the 
two  difiFering  somewhat  in  form  and  geologic  occurrence.  The  lead- 
silver  deposits,  though  broadly  tabular,  are  very  irregular  in  detailed 
outline,  in  most  places  clearly  showing  the  action  of  replacement 
processes  or  at  least  the  filling  of  solution  cavities.  The  silver- 
copper  ores,  on  the  other  hand,  occupy  fissures  of  comparatively 
definite  outline,  which  probably  stood  open  at  the  time  of  mineraliza- 
tion. Closely  related  to  this  difference  in  the  two  groups  is  the 
unexplained  fact  that  the  lead-silver  deposits  are  by  far  more  com- 
monly inclosed  in  dolomitic  limestones  and  dolomites  and  the  silvet- 
copper  deposits  in  slates  and  shales. 

The  silver-copper  deposits  have  been  more  extensively  explored 
than  the  others  and  have  afforded  about  two-thirds  of  the  total 
production  of  the  district.  Among  the  more  important  mines  the 
Ramshom,  Skylark,  and  Silver  Bell  have  produced  this  kind  of  ore, 
and  the  Red  Bird,  Beardsley,  Excelsior,  and  River  View  have  pro- 
duced the  other. 

Both  types  of  deposits  afford  high-grade  ores,  60  to  80  ounces  of 
silver  being  commonly  associated  with  40  to  50  per  cent  of  lead,  and 
80  to  100  ounces  of  silver  with  8  to  10  per  cent  of  copper. 

L£An-8iLV£ft  nsposrrs. 

Distribution. — Lead-silver  ores  have  been  mined  at  widely  scattered 
localities  in  the  Bay  Horse  district.  Between  the  Xavingston  group 
on  the  south  and  the  Daugherty  claims  on  the  imBitiif^dttiMitum  of  30 
miles,  similar  ores  have  been  found  on  Squaw^M"  if 

and  in  the  east  half  of  the  area  adjacent  to  T^^S^^f 
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Mineralogically  the  lead-silver  deposits  are  rather  simple.  The 
>rimary  ores  consist  predominantly  of  argentiferous  galena,  with 
(rhich  quartz  and  siderite  are  associated  as  gangue  minerals.  Tetra- 
ledrite,  sphalerite,  pyrite,  and  chalcopyrite  occur  in  unimportant 
imounts.  As  mined,  however,  the  ores  are  mostly  earthy  sand 
'arbonate  stained  with  iron  and  manganese.  Anglesite,  the  lead 
ulphate,  occurs  as  a  transition  stage  in  the  alteration  of  galena  to 
;erusite  but  is  local  in  its  occurrence  and  abundant  only  in  parts  of 
he  Red  Bird  mine.  Minium;  the  oxide  of  lead,  was  noted  in  one 
ipecimen  from  the  Beardsley  ore  bins.  The  alteration  products  of 
he  sphalerite  are  smithsonite  and  calamine,  the  former  occurring  as 
Iruses  and  the  latter  as  sheaf-like  bundles  of  crystals  extending  from 
he  walls  of  cavities  otherwise  lined  with  smithsonite.  Fluorite 
>ccurs  in  places  in  the  oxidized  ore  of  the  Red  Bird  mine  as  small 
>hiish-white  cubes  set  on  druses  of  smithsonite.  In  many  of  the 
leposits  a  large  amount  of  manganese  oxide  colors  the  secondary 
>re,  but  the  primary  mineral  from  which  it  is  the  alteration  product 
iVBs  not  recognized.  The  iron  oxide,  abundant  in  the  altered  ores, 
results  principally  from  siderite  and  subordinately  from  chalcopyrite 
and  pyrite. 

Analyses  of  ores  from  most  of  the  mines  were  not  available,  but 
the  compilation  which  appears  on  page  41  is  probably  fairly  typical 
of  the  composition  of  roughly  hand-^sorted  material. 

BILVBB-COPPBB  DEFOBITB. 

Distribution. — Silver-copper  veins,  though  less  widely  distributed 
in  the  district  than  the  lead-silver  deposits,  have  played  an  even  more 
important  part  in  its  economic  history.  Three  properties  have  pro- 
duced considerable  amounts  of  this  type  of  ore — the  Silver  Bell  mine, 
on  Poverty  Flat,  and  the  Ramshom  and  Skylark  mines,  at  Bay  Horse. 
The  first  is  about  8  miles  south  of  the  other  two.  Some  6  miles  north 
of  Bay  Horse  a  little  gray  copper  also  occurs  in  the  ores  of  the 
Dougherty  property  at  the  head  of  Garden  Creek.  Thus  this  type  of 
deposit  is  recognized  at  intervals  along  a  north-south  belt  about  15 
miles  in  length. 

Geologic  and  structural  relations, — ^All  of  the  silver-copper  deposits 
are  inclosed  in  slates,  presumably  of  Paleozoic  age.  The  slates  gen- 
erally present  a  marked  slaty  cleavage  at  a  high  angle  to  the  bedding, 
a  structure  locally  so  pronounced  that  the  bedding  planes  are  not  dis- 
cernible. The  two  principal  deposits  bear  a  definite  relation  to  these 
structures;  the  Skylark  vein  follows  the  bedding  and  the  Ramshom 
the  lines  of  slaty  cleavage.  The  Silver  Bell,  however,  occupies  a  fissure 
independent  of  either  type  of  parting.  All  the  deposits  are  fissure 
fillings,  the  fissures  having  opened  along  preexisting  planes  of  parting 
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in  the  two  larger  deposits  and  in  the  other  one  along  a  zone  inde- 
pendent of  any  such  planes. 

About  600  feet  west  of  the  Skylark  mine  and  possibly  1 ,000  feet  from 
the  Kamshom  is  a  granite  mass  about  a  mile  across.  The  slates  adjar- 
cent  to  this  mass  present  an  appreciable  metamorphism,  characterized 
by  the  development  of  andalusite  ( ?)  and  muscovite  and  to  a  minor 
extelit  of  zoisitc,  actinolite,  garnet,  and  rarely  tourmaline.  No  igneous 
rock  was  seen  in  the  immediate  vicinity  of  the  New  Silver  Bell  jpaine. 

Character  of  the  deposits. — The  silver-^jopper  deposits  are  tabular  in 
outline  and  conform  closely  to  the  walls  of  the  fissures  which  they 
occupy.  Bunches  of  ore  isolated  in  the  walls,  such  as  are  conmion  in 
the  lead-silver  deposits  of  the  district,  are  rare  in  the  silver-copper 
deposits.  Where  offshoots  from  the  main  body  occur  they  follow  dis- 
tinct lines  of  partii^,  as  joints  or  bedding  planes,  and  then  are  mere 
stringers,  some  of  them  little  more  than  films  of  ore. 

The  ore  occurs  in  shoots  of  irregular  shape,  which  range  in  length 
from  a  few  feet  to  200  or  300  feet  and  in  width  from  a  few  inches  to  4 
feet,  the  most  common  dimensions  being  possibly  100  feet  by  20  inches. 
Their  vertical  extent  is  commonly  two  or  three  times  greater  than 
their  horizontal  extent.  Within  the  veins  shoots  are  distributed  with- 
out apparent  regularity,  although  they  commonly  show  a  tendency 
to  occur  one  above  the  other  and  in  the  same  deposits  to  pitch  in  the 
same  direction.  Along  their  margins  the  shoots  wedge  out  or  meonge 
into  comparatively  barren  gangue  and  gouge. 

The  ore. — ^The  silver-copper  ore  as  mined  consists  of  two  quantita- 
tively important  minerals  and  several  others  which;  though  persistent, 
are  accessory.  Siderite  constitutes  possibly  three-fourths  of  the  vein 
material  and  tetrcJiedrite  one-third  of  the  remainder.  Among  the 
accessory  minerals  quartz  is  by  far  the  most  abundant,  but  chalcopy- 
rite  is  more  evenly  distributed.  Galena,  arsenopyrite,  pyrite,  and 
rarely  sphalerite  occur  in  small  amounts.  Secondary  minerals  are 
negligible  in  the  deposits  as  now  worked. 

The  siderite  is  coarsely  crystallized  and  most  commonly  occurs  in 
rhombic  forms,  as  in  Plate  VII,  B  (p.  33),  but  locally  in  elongated 
forms  (PL  VII,  C)  and  as  lamellar  crystals  lining  small  cavities. 
Tetrahedrite  occurs  in  bimches,  which  cut  across  the  siderite  crystals 
or  follow  their  cleavage  planes.  A  complete  analysis  of  the  tetra- 
hedrite appears  on  page  34.  The  quartz  is  intergrown  with  the  sider- 
ite in  most  placesi  but  locally  occurs  as  beautiful  doubly  termii^ated 
hexagonal  crystals,  either  embedded  in  the  siderite  or  perched  against 
the  sides  of  small  cavities  in  the  tetrahedrite.  Chalcopyrite  occtus 
as  nethke  films  along  numerous  minute  fractures  in  the  ore  and  as  lin- 
ings of  small  cavities  in  the  tetrahedrite.  Galena  occurs  as  small 
grains  and  crystals  intergrown  vnih  the  tetrahedrite  or  clustered 
in   cavities   in   it.     Less   abundant    than   the   chalcopyrite,   though 
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probably  formed  before  most  of  it,  is  arBenopyrite,  which  occuxb  as 
grains  and  columnar  cryBtak,  generally  related  to  fractures  in  the 
siderite  (PI.  YII,  C).  The  only  sphalerite  seen- in  the  deposits  occurs 
as  minute  crystals  set  upon  free  faces  of  galena  in  cavities  in  the  Rams* 
horn  ore. 

The  tenor  of  the  ore  varies  according  to  the  amount  of  tetrahedrite 
it  contains.  Specimens  of  this  mineral  from  the  large  ore  shoot  in  the 
Ramshom  mine  contained  33.39  per  cent  copper  and  4,86  per  cent 
silver  (or  1,417  fine  ounces  to  the  ton).  The  average  tenor  of  the  ore 
in  this  shoot  is  said  to  be  3  per  cent  copper  and  about  125  ounces  in 
silver  to  the  ton.  By  roughly  hand  sorting,  however,  this  grade  may 
be  greatly  raised.  TTie  Skylark  ore,  on  broad  averages,  is  said  to  have 
contained  8  per  cent  copper  and  80  to  100  ounces  silver  to  the  ton, 
although  some  of  it  ran  12  per  cent  copper  and  600  to  700  ounces  in 
silver. 

Little  information  is  available  concerning  the  nature  and  tenor  of 
the  ore  from  the  old  Silver  Bell  workings,  but  it  occurred  so  near  to 
the  surface  that  oxidation  was  probably  well  advanced,  the  tetra- 
hedrite being  altered  to  carbonates  of  copper  and  chloride  of  silver. 
It  is  said  that  chalcocite  was  rare. 

AOE  AHD  axnsis. 

The  two  tjT>e8  of  deposits  recognized  in  the  Bay  Horse  district  are 
closely  related  in  age  and  as  phases  mineralogically  intermediate 
between  the  two  occur,  they  are  thought  to  have  had  practically  the 
same  origin.  They  have  a  wide  vertical  range,  the  difference  in  ele- 
vation between  the  Ella  mine,  at  Clayton,  and  the  Silver  Bell  mine, 
on  Poverty  Flat,  being  about  3,000  feet.  No  single  ore  body  has 
been  traced  throughout  this  extent,  but  the  Ramshom  vein  has 
been  explored  to  more  than  half  that  depth  and  ore  found  on  all  the 
levels. 

The  higher  deposits,  such  as  those  on  Democrat  Hill,  the  Rains- 
horn  and  Skylark  veins,  and  the  Silver  Bell,  are  truncated  by  the 
Eocene  erosion  surface  and  hence  are  older  than  late  Eocene.  On 
the  other  hand,  they  are  inclosed  in  Paleozoi6  sedimentary  rocks, 
which  probably  range  from  Cambrian  to  Devonian,  perhaps  younger. 
Closer  than  tWs  the  age  of  the  deposits  can  not  be  determined  from 
local  evidence,  but  from  the  broad  considerations  outlined  on  pages 
35-36  it  is  concluded  that  they  were  formed  shortly  after  the 
intrusion  of  the  granitic  rocks,  which  are  considered  to  be  late 
Cretaceous  or  early  Eocene. 

Their  genesis  is  more  difficult  of  determination.  The  conclusion 
that  they  were  formed  at  great  depth  follows  from  the  similarity  in 
the  mineralogy  of  the  ore  found  at  different  elevations  in  the  mines, 
for  if  conditions  of  deposition  were  the  same  throughout  the  range  of 
2,000  to  3,(ft)0  feet,  the  upper  part  must  have  been  sufficiently  below 
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the  then  existing  surface  to  exclude  the  influence  of  oxidiadng  suif ace 
agencies.  Aside  from  this,  however,  there  are  physiographic  reasons 
(see  p.  36)  for  believing  that  a  vast  amoim^  of  erosion  took  place 
after  the  deposits  formed  and  before  the  elevation  of  the  Eocene 
erosion  surf  act  •  probably  more  than  5,000  feet  of  beds  were  removed. 
The  deposits  are  thought  to  be  genetically  related  to  the  intrusive 
masses  of  granitic  rocks — a  relation  discussed  in  the  general  section, 
pages  35-38,  41->42. 

MINES   AND   PRINCIPAL   PROSPECTS. 
aAKSHORN  MIHX. 

Situation  and  development. — ^The  Kamshom  mine  comprises  seven 
patented  claims  situated  on  the  north  side  of  Bay  Horse  Canyon 
about  2  miles  above  Bay  Horse.  Development  consists  of  15  tunnels 
which  enter  along  the  strike  of  the  vein  at  imequal  intervals  through 
a  vertical  rai^e  of  about  1,650  feet.  From  highest  to  lowest  the 
tunnels  are  designated  Ramshom  Nos.  1  to  7,  Utah  Boy  Nos.  1  to  5, 
and  Post  Boy  Nos.  3  to  1.  Above  the  Utah  Boy  No.  3  most  of  the 
tunnels  are  inaccessible,  but  those  below  are  open.  Raises  connect  the 
several  levels  and  above  the  Utah  Boy  No.  2  are  large  stopes  from 
which  the  early  production  was  derived.  In  all  there  is  perhaps 
6  or  7  miles  of  development  on  the  property. 

History  and  production. — ^The  Ramshom  mine  was  located  in 
August,  1877.  Development  began  soon  thereafter  and  was  pur- 
sued actively  most  of  the  time  imtil  the  fall  of  1897.  Since  then  a 
watchman  has  been  kept  at  the  mine  and  a  small  amount  of  tunnel 
work  accomplished  each  year.  During  the  period  of  activity  the  ore 
was  conveyed  by  aerial  tram  from  the  upper  tunnels  to  the  bottom  of 
the  canyon  and  thence  by  wagon  to  the  smelter  at  Bay  Horse.  The 
total  production  of  the  property  is  said  to  have  been  about  $3,000,000. 

Geologic  relatione. — The  Ramshom  mine  is  situated  well  within  the 
area  of  slates  that  forms  the  western  limb  of  the  anticline  which 
centers  near  Bay  Horse.  The  slates  are  all  fine  grained  and  char- 
acterized by  an  abundant  development  of  sericite.  In  some  of  the 
slates  which  outcrop  on  the  lower  slopes  of  the  canyon  side  at  the 
mine  small  elongated  crystals,  possibly  andalusite  but  now  com- 
pletely altered  to  calcite,  stud  rather  evenly  the  otherwise  fine-grained 
mass.  In  color  the  slates  vary  from  dull  to  light  gray,  though  locally 
they  present  a  greenish  cast.  Slaty  cleavage  is  well  developed  and  in 
places  completely  obliterates  the  beddir^  structure,  across  which  it 
cuts  at  an  angle  of  about  50°.  The  ore  bodies  follow  fissures  which 
parallel  the  slaty  cleavage,  though  locally  stringers  extend  out  along 
the  bedding  planes. 

The  veins.— The  vein  fissures  strike  N.  15^-30°  W.,  and  dip  57**-85** 
SW.,  the  average  strike  being  about  N.  15°  W.  and  the  most  common 
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dip  about  80^  SW.  Above  the  lower  three  levels  two  parallel  veins 
30  to  50  feet  apart  are  recognized,  but  below  them  only  one  has  been 
encountered.  In  each  a  aone  of  crushed  wall  rock,  3  to  6  feet  wide, 
follows  the  fissure  and  is  generally  present  even  where  mineralization 
is  lacking.  In  these  parallel  fissures  the  ore  bodies  occur  in  shoots, 
which  alternate  from  one  fissure  to  the  other.  Thus  in  many  places 
where  the  ore  body  pinches  out  in  one  fissure  a  crosscut  to  the  other 
one  has  revealed  another  shoot. 

The  veins  are  bordered  by  weD-defined  walls,  though  locally 
stringers  extend  into  the  country  rock.  In  general,  the  fissures 
parallel  the  cleavage  of  the  inclosing  slate,  but  in  a  few  places  ore 
foUows  the  bedding  planes,  which  dip  westward  at  a  much  lower 
angle.  This  is  thought  to  explain  the  difference  in  dip  between  the 
ore  body  in  the  Post  Boy  tunnels  and  that  in  the  Utah  Boy  tunnels. 
Nos.  3,  4,  and  5. 

Faults  are  not  numerous  in  the  mine,  only  two  being  seen  during 
the  hasty  examination,  both  of  which  occiur  in  the  Utah  Boy  section 
of  the  vein,  to  which  they  are  parallel  in  strike  but  opposite  in  dip. 
In  each  of  these  faults  the  hanging  wall  has  moved  down  about  25  feet 
relative  to  the  footwall. 

The  ere, — ^The  ore  is  essentially  gray  copper  in  a  siderite  gaogue. 
Associated  with  |he  tetrahedrite  are  imimportant  amounts  of  pyrite, 
galena,  chalcopyrite,  arsenopyrite,  and  sphalerite.  Quartz  occurs  as 
isolated  euhedral  crystals,  which  stud  sparsely  the  siderite  gangue, 
and  as  irregular  patches  intergrown  witli  the  metallic  minerals.  A 
complete  analysis  of  the  tetrahedrite,  which  contains  4.86  per  c^it 
silver  (equivalent  to  1,417  fine  ounces  per  ton)  and  33.3d  per  cent 
copper,  appears  on  page  34.  This  mineral  is  present  on  all  levels 
of  tiie  mine,  but  the  largest  body  found  lies  between  the  Utah  Boy 
tunnels  Nos.  3  and  4.  Here  occurs  a  shoot  of  ore,  which  on  No.  4 
level  is  between  350  and  400  feet  long  and  continues  upward  to  No.  3 
level,  140  feet  higher,  although  ihere  the  north  end  draws  southward, 
shortening  it  many  feet.  The  ore  averages  about  2  feet  in  width 
and  is  made  up  principally  of  tetrahedrite  and  siderite  in  such  pro- 
portions that  the  average  ore  contains  3  per  cent  copper  and  100 
ouneea  of  silver  per  ton.  The  tetrahedrite  occurs  in  bunches  both 
along  cleavage  planes  of  the  massive  siderite  and  as  tabular  bodies 
cutting  aen>ss  them.  In  general  the  tetrahedrite  attains  its  maxi* 
mum  development  on  the  footwall  side  of  the  vein. 

The  paragenesis  of  the  ore  minerals  is  discussed  on  page  33. 


Situation  and  development. — ^The  Skylark  mine  is  situated  im- 
mediately west  of  the  Ramshom  on  the  same  side  of  Bay  Horse 
Canyon.    The  property  comprises  9  or  10  claims,  two  of  which 
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are  patented.  Development  consists  of  16  principal  tunnels,  which 
enter  at  unequal  intervals  along  2,000  feet  of  the  outcrop  of  the  vein 
and  represent  in  all  perhaps  25,000  feet  of  work.  The  tunnels  are 
divided  into  east  and  west  groups  with  the  old  boarding  house  as 
datum.  Thus  they  are  known  as  Nos.  1  to  7  east  and  Nos.  1  to  10 
west.    All  the  ore  is  said  to  have  been  removed  above  No.  7  west. 

History  and  production. — ^The  property  was  located  in  1877  and 
in  1880  was  purchased  by  the  Omaha  Smelting  &  Mining  Co.,  which 
recently  sold  it  to  the  Idaho  Smelting  &  Mining  Co.  In  1883  the 
Ramshom  Mining  Co.  had  the  property  bonded  for  $35,000,  but  owing 
to  the  poor  showing  of  ore  they  allowed  the  option  to  lapse.  A  short 
time  thereafter  the  ore  bodies  which  afforded  the  principal  production 
were  encountered  and  for  several  years  the  mine  was  an  important 
producer  of  silver  and  copper.  A  great  deal  of  the  ore  was  smelted 
at  Bay  Horse,  but  far  more  was  sent  by  pack  trains  over  the  sununit, 
12  miles  to  Clayton.  After  the  Clayton  smelter  was  closed  in  1902 
considerable  ore  was  shipped  by  leasers  to  Salt  Lake  and  Denver  at 
a  cost  of  about  $30  per  ton  for  freight  and  treatment.  The  charge 
for  treatment  by  the  local  smelters  was  $18  and  $20  per  ton,  the  lower 
charge  applying  when  the  amount  of  lead  exceeded  a  stated  per- 
centage. 

The  total  production  of  the  property  is  said  to  be  $2,700,000, 
derived  from  ore  which  averaged  about  8  per  cent  copper  and  80 
ounces  of  silver  per  ton. 

Geologic  relations. — ^The  vein  is  inclosed  in  greenish-gray  thin- 
bedded  sericitic  slates,  which  strike  N.  8^  W.  and  have  a  general  dip 
of  22^  SW.,  although  locally  as  steep  as  60^.  These  extremes  of  dip 
were  recorded  in  tunnel  No.  9  west,  where  for  250  feet  from  the  portid 
the  beds  dip  about  60°  and  then  abruptly  dip  22°.  The  plane  of 
transition  is  an  east-west  fault,  which  displaces  the  north-lying  beds 
50  or  60  feet  east.  Westward  from  the  mine  the  thin-bedded  slates 
grade  into  micaceous  quartzites,  which  occur  in  beds  5  to  10  feet  in 
thickness.  These  quartzites  continue  as  the  predominant  type  of 
rock  to  a  point  possibly  500  feet  west  of  tunnel  No.  9  west,  where 
granite  comes  to  the  surface  as  a  mass  about  a  mile  across.  At  the 
border  of  the  granite  an  andalusit^-like  mineral  (p.  33)  is  abundantly 
developed  in  the  sedimentary  rocks,  as  well  as  muscovite  and  biotite. 
This  metamorphic  effect  contrasts  rather  sharply  with  that  which 
accompanies  the  ore  bodies,  where  calcite  and  sericite  are  the  impor- 
tant alteration  products. 

The  vein. — The  vein  follows  the  bedding  of  the  inclosing  formation. 
In  most  places  there  is  an  appreciable  brecciation  along  the  particular 
bedding  plane  which  the  ore  follows,  but  this  is  in  few  places  more 
than  3  feet  wide  and  is  bordered  by  firm  walls.  Within  this  general 
crushed  layer  the  ore  occurs  in  irregular  lenslike  shoots,  which  are 
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usually  elongated  parallel  to  the  dip,  but  few  of  which  have  proved 
continuous  for  more  than  200  or  300  feet,  most  of  them  having  given 
out  within  100  feet.  The  old  workings  were  not  safely  accessible  at 
the  time  of  visit,  but  an  inspection  of  an  old  mine  map  showed  more 
than  40  such  lenses  of  ore  to  have  been  worked.  The  tenor  of  the 
ground  between  the  old  stopes  is  not  known  to  the  writer,  although 
it  should  be  borne  in  mind  that  at  the  time  this  portion  of  the  vein 
was  worked  the  cost  of  mining  and  treatm^it  was  about  $25  to  the 
ton  of  ore.  Thus  it  is  thought  to  be  highly  probable  that  a  consid- 
erable tonni^e  of  medium-^ade  ore  remains  in  the  abandoned  work- 
ings. Another  possible  source  of  ore  may  be  vertical  veins  which 
follow  the  slaty  cleavage,  as  in  the  Ramshom  mine.  Apparently  all 
of  the  development  has  been  along  the  bedding  planes,  yet  there 
seems  to  be  no  particular  reason  why  the  ore-bearing  solutions  should 
have  followed  one  set  of  major  partings  to  the  total  exclusion  of  the 
other. 

The  ere, — ^The  Skylark  ore,  like  that  of  the  Ramshom  mine,  is  essen- 
tially gray  copper  in  a  sideiite  gangue.  Accompanying  the  tetra- 
hedrite  in  very  subordinate  amounts  are  chalcopyrite,  arsenopyrite, 
galena,  and  less  pyrite  and  sphalerite.  In  the  oxidized  ore  cerar- 
gyrite  and  the  carbonates  of  copper  were  common,  and  argentite,  leafy 
native  silver,  wire  silver,  pyrargyrite,  and  native  copper  were  occa- 
sionally found.  The  averi^e  width  of  the  ore  bodies  is  said  to  have 
been  about  20  inches,  the  ore  in  general  running  8  per  cent  copper 
and  80  ounces  in  silver  to  the  ton.  Some  of  it,  however,  ran  several 
hundred  ounces  in  silver  and  up  to  20  per  cent  copper. 

BZVZB  VIEW  MZHX. 

The  River  View  mine  is  situated  IJ  miles  southeast  of  Bay  Horse, 
well  up  on  the  diff  which  faces  Salmon  River.  This  claim  was  staked 
in  March,  1877,  and  was  the  earliest  location  in  the  district.  Devel- 
opment consists  of  several  tunnels  and  a  100-foot  shaft,  in  all  perhaps 
5,000  or  6,000  feet  of  work.  The  total  production  of  the  mine  is  said 
to  be  $500,000,  derived  principally  from  silver-lead  ores. 

The  deposit  is  situated  within  the  area  of  dolomitic  limestone  on 
the  east  limb  of  the  Bay  Horse  anticline.  The  limestones  occur  in 
massive  beds,  which  vary  in  color  from  sky-blue  to  bluish  gray. 
Joints  traverse  them  in  various  directions;  the  most  conspicuous, 
perhaps,  strike  N.  60**  W.  and  dip  80**  NE.  Eastward  the  dolomitic 
limestones  are  covered  within  a  short  distance  by  lacustrine  deposits 
and  lavas  of  Tertiary  age. 

The  ore  occurs  in  irr^ular  lenses  and  bunches,  and  as  parallel 
stringers  alternating  with  quartz  and  hmestone,  and  represents  about 
one-fourth  of  a  zone  5  feet  wide.  The  larger  lenses  conform  to  the 
bedding  planes,  and  most  of  the  stringers  and  bunches  are  related  to 
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joints.  Those  parts  of  the  workingB  which  were  ykited  have  been 
stoped,  but  good  ore  is  »aid  to  occur  in  drifte  from  the  bottom  of  a 
shaft,  now  inaccessible.  Near  ita  collar^  however,  is  a  pile  of  ore, 
containing  perhaps  400  tons.  This  ore  is  for  the  most  part  argentif- 
erous galena  accompanied  by  a  little  sphalerite  and  is  associated  with 
a  porous  manganese^taaned  quartz.  Much  of  it  is  oxidized,  the  sec- 
ondary minerals  being  cerusite,  a  little  argentite  and  native  silvery 
malachite  and  azurite,  and  small  amounts  of  smithsonite. 

ZZCELSIOE  XZinB. 

Tlie  Excelsior  mine  comprises  one  claim  situated  at  an  elevation  of 
6,600  feet,  on  the  east  side  of  Beardsley  Gulch,  about  1,500  feet  north- 
east of  Bay  Horse.  Development  consists  of  a  principal  tunnel  and 
a  winze  which  attains  a  depth  of  500  feet.  The  production  of  the 
property  is  not  known,  although  the  total  output  of  the  ore  body 
which  is  common  to  this  and  the  Beardsley  mine  is  stated  as  1,500,000 
ounces  of  silver  and  15,000  tons  of  lead.' 

The  mine  is  situated  near  the  axis  of  the  Bay  Horse  anticline  and 
is  well  within  the  area  of  dolomitic  limestone.  The  surface  workings 
(the  only  part  accessible)  are  inclosed  in  this  type  of  rock,  but  it  is 
probable  that  the  lower  levels  extend  into  the  calcareous  and  dolo- 
mitic slates  which  outcrop  at  the  base  of  the  cliff  a  short  distance 
south. 

The  chief  ore  body  was  a  large  lenticular  mass  which  varied  from 
100  to  200  feet  in  lei^th  and  from  1  to  20  feet  in  width.  The  ore  was 
sand  carbonate  heavily  stained  with  iron  and  manganese,  and  ran 
from  40  to  60  per  cent  of  lead  and  50  to  60  ounces  of  silver  tathe  ton. 
At  a  depth  of  about  500  feet  the  rich  ore  is  said  to  have  given  way  to 
disseminated  material  of  much  lower  grade. 


The  Beardsley  group  comprises  four  patented  claims  in  Beardsley 
Gulch,  the  principal  workings  being  situated  about  midway  of  the 
group  and  half  a  mile  above  Bay  Horse.  The  mine  has  not  been 
worked  for  20  years  and  at  the  time  of  visit  was  extensively  caved. 
The  development  consiftts  of  several  tunnels  and  a  winze  on  the  ore; 
the  latter  attained  a  depth  of  500  feet. 

The  inclosing  rock  is  gray  dolomitic  limestone,  which  h  intricately 
jointed  in  various  directions  and  fissured  along  north-south  courses. 
The  fissuring  parallels  the  crest  of  the  anticline  near  the  longitudinal 
axis  of  which  the  deposit  occurs. 

The  principal  ore  body  followed  a  north-south  fissure  and  varied  in 
width  from  1  to  20  feet  or  more.  The  shoot,  which  was  from  100  to 
200  feet  long,  extended  south  into  the  Excelsior  ground,  and  is  said 

I  Bell,  Robert,  An  ontUae  of  Idilio  gflctoKy  ukI  <rf  Uis  prtDciiMil  on  depodta  oC  LenbJ  asd  Qatar 
oountiM,  Idaho:  Fioo.  Int«mat.  Ilin,  Cong.,  1901,  p.  73. 
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to  have  yielded  about  1,500,000  ounces  in  silver  and  15,000  tons  of 
lead  from  a  sand  carbonate  ore.  Of  the  several  tunnek  only  the 
northernmost  one  was  accessible  at  the  time  of  visit.  In  this  tunnel 
300  or  400  feet  of  work  has  been  done  on  a  ledge  which  strikes  north- 
south  and  dips  30^  E.  The  deposit,  which  consists  of  innumerable 
veinlets  of  ore  along  fractures  and  bunches  in  the  solid  limestone,  is 
extremely  irregular.  The  bunches  range  from  lumps  the  size  of  base- 
balls to  masses  14  or  15  feet  across,  yet  all  distributed  along  a  zone 
perhaps  40  feet  wide  which  dips  30°  E.  The  minerals  are  iron- 
Btsined  sand  carbonate  and  cerargyrite,  the  latter  in  minute  grains 
identifiable  with  diiiiculty.  Stains  of  copper  carbonate  and  druses  of 
smithsonite  are  common;  sheaf-like  aggregates  of  calamine  cr3rBtals 
are  less  numerous.  It  is  said  that  the  purer  grades  of  ore  ran  40  to  60 
per  cent  lead,  2  to  3  per  cent  copper,  and  50  to  60  ounces  in  silvw  to 

the  ton. 

PAoxno  Morx. 

The  Pacific  claim  is  now  one  of  the  McQregor  group,  but  as  it  has 
commonly  been  considered  a  separate  mine  it  will  be  described 
separately  h^e.  It  is  situated  at  an  elevation  of  7,800  feet  on  the 
northeast  slope  of  Democrat  Hill,  about  1^  miles  northeast  of  Bay 
Horse.  The  property  has  produced  $65,000  from  the  two  short 
tunnels,  which  total  periiaps  1,000  feet  in  length  and  comprise  its 
only  development. 

The  deposit,  which  follows  the  flat-lying  beds  of  the  massive 
dolomite  that  forms  the  summit  area  of  Democrat  HiU,  varies  in 
width  from  narrow  stringers  to  5  or  6  feet.  The  ore  is  locally  clean 
sand  carbonate,  though  in  most  places  quartz  is  the  predominant 
mineral.  Commonly  the  ore  extends  as  irregular  bunches  into  the 
adjacent  wall  rock  or  leads  off  along  joints  and  narrow  fissures. 
The  ore  minerals  are  sand  carbonate,  cerargyrite,  smithsonite,  and  a 
little  argentiferous  galena,  so  proportioned  in  a  quartz  gangue  that 
average  shipments  of  hand-picked  material  run  50  to  60  per  cent  of 
lead,  60  to  80  ounces  of  silver,  2  to  3  per  cent  of  zinc^  4  to  6  per  cent  of 
sulphur,  and  20  to  25  per  cent  of  silica.  Two  partial  analyses  of  the 
inclosing  dolomite,  which  were  supplied  by  Mr.  James  McGregor,  of 
Salt  Lake  City,  owner  of  the  property,  are  as  follows: 

Partial  analyses  of  emmtry  rock  at  Pacific  rnvM^  Custer  Cowfiltyf  Idaho. 


Silica 7.00         5.1 

UniB 3fi.OO       30.60 

90.18 
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EOOBXEB  a&OUP. 

The  Hoosieor  group^  recently  consolidated  with  the  McGregor  group, 
consists  of  four  claims  situated  on  the  lower  slopes  of  Bay  Horse 
Canyon,  a  few  hundred  feet  above  the  Beardsley  mill.  (See  fig.  2.) 
The  development  consists  of  several  short  tunnels  on  either  side  of 
the  creek,  in  all  perhaps  2,500  feet  of  work. 

The  principal  deposits  are  two  parallel  veins  about  60  feet  apart. 
They  strike  north-south,  dip  22°  W.,  and  are  inclosed  in  the  shales 
and  slates  which  at  this  place  extend  well  up  the  valley  sides.  The 
upper  or  west  vein  ranges  from  1  inch  to  4  feet  in  width,  averaging 
about  2  feet.  Pyrite  associated  with  coarsely-crystallized  quartz  is 
the  most  common  metallic  mineral,  though  tetrahedrite,  which  occurs 
only  locally,  is  the  mineral  sought.  Hand-picked  shipments  from 
this  ledge  contained  20  to  25  per  cent  copper  and  200  to  400  ounces  in 
silver  to  the  ton.  To  such  ore  a  production  of  about  $50,000  is 
credited.  The  lower  vein  differs  from  the  upper  in  that  little  tetrahe- 
drite is  present,  the  dominant  ore  mineral  being  argentiferous  galena. 
This  vein  averages  about  15  inches  in  width,  but  the  valuable  constitu- 
ents occur  only  in  small  irregular  patches  in  its  general  plane.  It 
has  produced  about  $20,000  in  silver  and  lead. 

A  remarkable  f  eatm*e  of  both  veins  is  a  mass  of  clear-white,  coarsely 
crystallized  barren  quartz  which  overlies  them.  The  quartz  above 
the  upper  vein  is  10  to  12  feet  thick;  that  above  the  lower,  40  feet 
thick.  This  quartz  is  almost  if  not  altogether  devoid  of  metallic 
inclusions.  Locally  a  thin  clayey  seam  separates  it  from  the  veins, 
but  elsewhere  the  quartz  cuts  the  ore.  The  country  rock  is  a  slate  so 
fissile  that  the  footwall  of  an  open,  flat-lying  fissiu-e  in  it  would  have 
been  covered  before  long  with  fragments  from  the  roof.  No  such 
rubble  is  present  on  the  upper  surface  of  the  ore,  which  suggests 
that  the  incoming  quartz  material  followed  quickly  the  opening  of 
the  cavity  or  perhaps  caused  it. 

8ZLVEB  BHIOK  OLAZX. 

The  Silver  Brick  claim,  also  one  of  the  McGregor  group,  joins  the 
Pacific  on  the  west.  The  development  consists  of  two  tunnels  100 
feet  apart  vertically,  the  lower  700  feet  and  the  upper  150  feet  in 
length.  The  ore  occurs  irregularly  along  a  fissure  which  strikes  N. 
10®  W.  and  dips  40®  NE.  A  small  production  has  resulted  from 
stopes  between  the  two  levels. 

The  inclosing  rock  is  a  dolomite  similar  to  that  at  the  Pacific  mine. 

OAVX  Miins. 

The  Cave  mine,  owned  by  Christopher  Peterson,  a  local  resident, 
comprises  a  single  unpatented  claim  situated  about  a  mile  northwest 
of  Bay  Horse,  at  an  elevation  of  8,100  feet  on  the  south  slope  of  Demo- 
crat Hill.    Development  consists  of  a  shaft  and  an  840-foot  tunnel  in 
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FxouKK  2.— Claim  sheet  of  James  IfcGrogor  groap,  Bay  Hone  distriot. 
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addition  to  various  drifts  and  crosscuts^  in  all  perhaps  1,500  feet  of 
work.  Two  veins  which  strike  N.  20®  W.  and  dip  70°  NE.  are  recog- 
nized, but  only  one  has  proved  productive.  This  vein  is  a  band  of  ore 
about  18  inches  in  average  width,  which  is  accompanied  by  a  variable 
amount  of  gouge,  the  usual  distance  between  the  f  airiy  well  defined 
walls  being  about  4  feet.  The  ore  contains  lead  and  silver  and  is 
similar  to  that  found  in  the  Beardsley  and  Pacific  mines.  In  the  outer 
part  of  the  tunnel  thin-bedded  slates  dipping  10°  S.  pass  in  a  short 
distance  through  more  massive  varieties  into  the  underlying  dolomite 
which  incloses  the  veins. 

70BXST  HOflX  KIVB. 

The  Forest  Rose  group,  consisting  of  three  patented  daims,  lies 
immediately  south  of  the  Cave  property  on  Democrat  Hill.  It  is 
situated  on  the  same  ledge  which  is  worked  in  the  Cave  mine,  but  the 
shoots  here  found  have  been  less  productive.  Development  consists 
of  a  tunnel  600  feet  long  and  two  raises  on  the  ore.  The  ore  occurs  in 
shoots,  which  range  in  width  from  a  few  inches  to  5  or  6  feet.  These 
appear  to  strike  north-south  and  to  dip  approximately  60°  E., 
although  development  is  not  sufficient  to  determine  their  attitude 
definitely.  The  ore  is  partially  oxidized  argentiferous  galena.  At 
present  the  property  is  being  worked  by  lessees. 

HXW  BILVXH  BEXX  lEXHX. 

The  New  Silver  Bell  mine  (formerly  known  as  the  Silver  Bell)  is 
situated  on  the  east  margin  of  Poverty  Flat  at  an  elevation  of  9,500 
feet.  The  mine  is  reached  by  trail  from  Clayton,  4  miles  on  a  direct 
line  south-southeast.  The  deposits  were  discovered  in  1870  and  were 
worked  for  the  18  years  following,  having  produced  in  all  about 
$600,000  from  silver-copper  ores.  The  property  comprises  five  unpat- 
ented claims  and  is  developed  to  a  maximimx  depth  of  100  feet  by  some 
10,000  feet  of  tunnels. 

Poverty  Flat  is  a  remnant,  several  miles  in  extent,  of  an  Eocene 
erosion  surface  developed  at  this  locality  across  steeply  tilted  slates 
and  quartzites  of  Paleozoic  age.  The  quartzites  are  fine-grained  and 
massive;  the  slates  thin  bedded  and  fissile,  in  many  places  with 
marked  slaty  cleavage.    The  ore  deposits  are  found  within  the  slates. 

The  vein  strikes  N.  60°  W.  and  dips  30°  NE.  It  follows  the  inclos- 
ing formation  in  strike  but  is  independent  of  it  in  dip,  cutting  across 
both  the  primary  and  secondary  structures.  The  vein  is  said  to  have 
steepened  with  increasing  depth.  Within  a  general  zone  of  fissuring, 
perhaps  100  feet  wide,  ore  occurred  as  narrow  lenses  of  irregular  shape 
and  unequal  extent.  The  ore  consisted  of  gray  copper  in  a  siderite 
gangue  and  is  similar  to  that  of  the  Ramshom  and  Skylark  mines, 
although  the  shoots  here  were  much  less  continuous.    In  many  places 
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along  the  vein  ore  was  mined  within  5  or  10  feet  of  the  surface,  where 
the  copper  occurred  principally  as  malachite  and  azurite  and  the  silver 
as  ceraiigyrite  and  argentite.  The  claims  have  recently  been  relocated 
and  are  now  being  prospected  at  greater  depth. 

XLLA  GROUP. 

The  Ella  group  comprises  four  claims  situated  on  the  south  slope  of 
Kinnikinnick  Canyon  near  its  junction  with  that  of  Salmon  River. 
Development  consists  of  several  tunnels,  the  longest  of  which  starts 
near  Clayton  and  continues  1,600  feet  on  a  course  N.  15^  W.  This 
tunnel  follows  the  general  strike  of  the  Paleozoic  formations  which 
constitute  the  country  rock.  The  ore  occurs  along  bedding  planes 
between  a  general  hanging  wall  of  dolomitic  limestone  and  a  f  ootwall 
of  fine-grained  quartzite.  Very  little  ore  appears  in  this  tunnel,  but 
a  considerable  amount  of  argentiferous  galena  in  a  quart^-siderite 
gangue  lies  on  the  dump.  Fyrite  and  tetrahedrite  are  intennixed 
with  the  galena  but  in  subordinate  amounts. 

The  group  produced  a  considerable  tonnage  during  the  early  days 
of  mining  in  the  district,  but  most  of  it  was  derived  from  openings 
which  are  farther  up  the  canyon  and  are  now  inaccessible.  The  ore 
was  desired  because  of  its  high  content  of  siderite,  which  served  as  a 
flux  in  smelting  other  ores  of  the  district. 


Situation  and  Jiisiory. — ^The  Red  Bird  mine  is  situated  on  the  east 
side  of  Squaw  Creek,  5  miles  above  its  confluence  with  Salmon  River 
and  by  wagon  road  9  miles  northwest  of  Clayton.  The  deposit, 
situated  near  the  north  end  of  a  group  of  10  claims  (fig.  3),  was 
located  in  1878,  and  the  active  work,  which  continued  until  1902, 
was  begun  in  1880.  During  this  period  from  1,000  to  1,500  tons  of 
ore  which  ran  30  to  40  per  cent  of  lead  and  40  to  60  ounces  of  silver 
to  ihe  ton  were  delivered  to  the  Clayton  smelter  annually.^ 

The  mine  is  opened  on  eight  levels  by  five  tunnels,  the  upper  four 
of  which  enter  the  canyon  side  at  intervals  of  about  100  feet.  All 
the  tunnels  are  connected  by  raises  and  between  Nos.  4  and  8  are 
three  blind  levels,  the  total  development  a^rcgating  10,000  to 
15,000  feet.  Most  of  the  production  came  from  the  upper  foiu* 
levels,  which  represent  a  depth  on  the  ore  shoots  of  600  to  700  feet. 
Below  this  depth  little  ore  had  been  mined  at  the  time  of  the  writer's 
examination,  but  since  then  this  portion  of  the  deposit  has  been 
extensively  worked. 

Geologic  relations, — The  Red  Bird  mine  is  well  within  the  area  of 
Paleozoic  rocks.    The  sharp  anticUne  cut  across  by  Salmon  River 

1  The  Bdne  was  reopened  in  1912  by  the  Idaho  Smelting  A  IClxdng  Co.  and  has  hMn  aotiyely  wtrlstAriBie, 
aopplylng  most  of  the  ore  for  the  Claytaii  snuelter. 
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between  Squaw  Creek  and  Clayton  continues  northward,  and  these 
deposits  occur  on  its  western  limb.    The  rocks  inclosing  the  ores  are 

predominantly  dolomitic 
I  slates;  but  locaUy  dolomitic 

limestone  and  clayey 
quartzite  occur.  The  lower 
tunnel  crosscuts  the  beds 
for  1,600  feet  and  affords  a 
fair  idea  of  the  formations 
and  their  attitudes.  Thin- 
bedded  calcareous  slates, 
dipping  70®  W.,  prevail  for 
the  first  80  feet  of  this  tun- 
nel, but  from  this  point 
they  grade  rapidly  into 
more  massive  varieties  and 
the  dip  flattens  to  the  hori- 
zontal. About  600  feet 
from  the  portal  the  beds 
are  ]|teeply  inclined  east- 
ward and  the  thin-bedded 
slates  seen  near  the  portal 
again  appear,  but  within  a 
short  distance  give  way  to 
massive  dolomitic  lime- 
stone, which  continues  to  a 
point  1,400  feet  from  the 
entrance.  From  this  point 
on  to  the  face  at  1,600  feet 
the  beds  are  nearly  horizon- 
tal and  argillaceous  quarts 
ite  predominates. 

The  ore  bodies. — ^At  least 
five  ore  bodies  have  been 
encoimtered  in  the  mine, 
but  two  have  proved  of  par- 
amount importance.  One 
of  these  bodies,  known  as 
the  Potato  Patch  shoot, 
was  60  to  80  feet  long  by 
20  to  30  feet  wide  and  was 
worked  to  a  depth  of  more 
than  400  feet.  Its  strike 
was  N.  65*^  W.,  and  its  dip  45°  SW.  The  ore  throughout  was  an 
earthy  mass  of  sand  carbonate  which  ran  30  to  40  per  cent  of  lead 
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and  40  to  60  oiinoes  in  silver  to  the  ton.  Although  of  broadly  reg- 
ular outline,  the  old  stopes  show  the  ore  body  to  have  been  irregular 
in  detail.  Here  and  there  it  extended)  out  along  joint  cracks;  else- 
where great  swells  protruded  into  the  inclosing  rock. 

Parallel  to  this  shoot  and  about  150  feet  east  of  it  is  another^ 
which  on  No.  2  level  corresponds  to  it  in  strike  and  dip  but  on  the 
lower  levels  changes  to  a  strike  of  N.  20^  W.  and  dips  40^  NE.  A 
considerable  tonnage  of  ore  is  blocked  out  on  this  shoot  between  No. 
2  and  No.  8  levels.  TVithin  it  the  ore  occurs  in  bunches  of  irregular 
shape  and  extent  which,  however,  usually  have  a  roughly  tabular 
form  parallel  to  the  general  plane  of  the  fissure.  In  places  the 
bunches  give  way  to  a  veinlike  mass  50  to  75  feet  in  length  and  as 
much  as  12  feet  in  width,  as  near  No.  2  level.  The  ore  is  similar  in 
general  character  to  that  in  the  west  shoot  and  is  fairly  continuous 
to  a  point  within. 65  feet  of  No.  8  level,  where  it  gives  way  to  a  mass 
of  pyrite  55  feet  wide  at  the  only  point  where  it  has  been  crosscut. 
This  pyrite  carries  traces  of  gold  and  an  unimportant  amount  of 
copper.  It  is  exceptionally  vuggy  throughout  the  mass.  The  vugs 
are  lined  by  pyritohedrons  of  pyrite  and  here  and  there  a  little 
manganese  oxide.  Among  the  minerals  which  occur  in  the  pro- 
ductive part  of  this  shoot,  sand  carbonate  heavily  stained  with  iron 
and  manganese  is  most  common.  Minute  grains  of  cerargyrite  occur 
with  it  and  vugs  in  the  ore  are  commonly  lined  with  crusts  of  smith- 
sonite.  Set  upon  these  smithsonite  druses  are  needlelike  crjrstala 
of  calamine  and  bluish-white  cubes  of  fluorite.  In  protected  spots 
only  do  the  primary  minerals,  argentiferous  galena,  pyrite,  and 
sphalerite,  occur.  Anglesite  occurs  in  places  as  the  principal  ore 
mineral  in  this  shoot.  It  contains  2  to  3  ounces  of  silver  to  the  unit 
of  lead,  whereas  in  the  carbonate  ore  there  is  only  1  ounce  of  silver 
for  each  1  per  cent  of  lead,  the  latter  ratio  being  about  the  same  as  in 
the  argentiferous  galena,  in  which  0.5  to  1  ounce  of  silver  acoom* 
panics  each  unit  of  lead. 

Since  the  writer's  examination  a  large  ore  shoot  has  been  found  on 
No.  7  level  and  penetrated  for  60  feet,  although  its  dimensions  have 
not  been  determined. 

SATTTRDAT  OBOUP. 

The  Saturday  group  consists  of  two  patented  claims  situated  on 
the  west  side  of  the  canyon  near  the  mouth  of  Squaw  Creek.  The 
development  consists  of  a  shallow  shaft  and  one  or  two  tunnels,  all 
of  which  date  from  the  early  days  of  mining  in  the  district.  The 
property  is  said  to  have  produced  a  few  thousand  tons  of  argentiferous 
galena  ore  but  has  not  been  worked  for  20  years  or  more. 
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OVKMABAM  OBOUF. 

The  Ciimabar  group  comprises  two  patented  claimB  situated  5 
miles  up  Bruno  Creek,  a  northwest  tributary  of  Squaw  Creek,  wluch 
it  joins  at  a  point  2  miles  below  the  Bed  Bird  mine.  The  property 
was  not  visited  but  is  said  to  hare  produced  about  $100,000  from 
lead-silver  ore.  At  a  later  date  it  was  sold  as  a  gold  mine  to  certain 
eastern  speculators,  but  as  such  it  proved  a  total  disappointment. 

SOUTH  BUTTE  OBOUP 

C.  L.  Tratht  owns  a  small  group  of  claims  immediately  east  of  the 
Red  Bird  mine,  which  produced  about  1,000  tons  of  aigentifecoiis 
galena  ore  in  the  early  days  and  have  been  worked  intermittently 
by  leasers  during  the  past  few  years.    They  were  not  visited. 

DOUOHBBTT  OBOUP. 

The  Dougherty  group,  consisting  of  seven  claims,  is  situated  on 
Garden  Creek,  9  miles  west-southwest  from  Challi3,  at  an  elevaticm 
of  7,700  feet.  The  development  consists  of  six  tunnels  on  the  north 
side  of  the  gulch  and  two  on  the  south  side — in  all,  perhaps,  2,000 
feet  of  work.  The  deposits  are  irregular  lenses  inclosed  in  dolomitic 
limestone  and  thin-bedded  slates.  Two  types  of  ore  ore  recognized — 
argentiferous  galena  and  tetrahedrite  accompanied  by  pyrite  and 
chalcopyrite.  In  general  the  strike  is  N.  50^  W.  and  the  dip  30°  SW., 
but  in  no  place  has  a  sufficiently  continuous  deposit  been  exposed  to 
determine  any  persistent  attitude. 

uvivasToir  mihb. 

The  Livingston  group,  consisting  of  five  or  six  patented  claims, 
is  situated  near  the  head  of  Slate  Creek,  about  9  miles  from  Salmon 
River  and  20  miles  southeast  of  Clayton.  This  property  was  not 
visited  during  the  reconnaissance,  but  its  promise  is  such  that  it 
deserves  special  mention. 

The  development  consists  of  about  600  feet  of  tunnels  and  several 
open  cute  on  a  ledge  said  to  be  remarkable  for  its  continuity.  The 
production  amounts  to  $40,000  or  $50,000,  which  has  resulted  from 
ores  removed  during  development.  The  property  has  been  sampled 
several  times  and  would  probably  have  been  worked  before  this  were 
it  not  for  its  comparative  inaccessibility.  It  is  said  that  a  large 
tonnage  of  silver-lead  ore  is  partially  blocked  out. 

YANKEE  FOKK  DZ8TRI0T. 

srruATioN. 

The  Yankee  Fork  district  comprises  an  unorganized  area  of  possibly 
150  square  miles  situated  in  the  northwestern  part  of  Custer  County. 
It  lies  south-southeast  of  the  Loon  Creek  district,  northeast  of  Stanley 
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and  west  of  the  Bay  Honse  district — about  20  miles  from 
each.  There  are  three  settlements  in  the  area — ^Bonanza,  Custer, 
and  Sunbeam — all  grouped  within  a  radius  of  5  miles  from  the 
junction  of  Jordan  Creek  with  Yankee  Fork.  The  settlem^its  have 
regular  stage  communication  with  Challis,  60  miles  distant  by  a  route 
which  follows  Yankee  Fork  and  Salmon  Rivor.  Mackay,  the  nearest 
railroad  point,  is  85  miles  southeast  by  a  route  which  leaves  the 
ChaUis  stage  road  near  the  confluence  of  E^t  Fork  with  Salmon 
River.  Roads  also  connect  north-northwest  with  Loon  Creek  dis- 
trict and  southwest  with  Stanley  Basin.  A  trail  which  is  used  a 
great  deal  l^ads  over  the  mountains  to  Challis,  30  miles  northeast. 

HISTOBT. 

Prospectors  spreading  from  the  placer  excitement  on  Loon  Creek 
discovered  placer  gold  on  Jordan  Creek  near  its  confluence  with 
Yankee  Fork  in  the  middle  seventies  of  the  last  century.  Soon 
thereafter  the  lodes  on  Dickens  Hill  and  those  about  Custer  were 
located  and  quickly  drew  attention  from  the  placers.  The  Gena*al 
Custer  vein  was  especially  attractive  to  those  seeking  lode  deposits, 
for  it  lay  against  the  canyon  side  as  a  great  slab  several  thousand 
square  feet  in  extent  and  promised  strength  and  persistence  together 
with  exceptional  amounts  of  the  precious  metals.  In  many  respects, 
however,  it  was  misleading.  Developments  have  failed  to  add  more 
than  20  per  cent  to  its  productive  area  as  exposed  by  erosion  and 
none  of  tiie  other  veins  have  even  approached  it  in  total  production. 

The  district  experienced  its  greatest  activity  prior  to  1900,  though 
the  General  Custer  mill  operated  most  of  the  time  until  1905.  After 
that  mining  operations  were  unimportant  untU  1907,  when  the  Golden 
Sunbeam  was  opened  on  a  large  scale,  a  mill  built,  and  a  hydroelectric 
plant  installed  on  Salmon  River.  In  1911,  however,  this  enterprise 
also  was  temporarily  abandoned,  leaving  the  entire  district  inactive. 

PRODUCTION. 

The  total  production  of  the  Yankee  Fork  district  is  estimated  at 
$12,000,000,  two-thirds  of  which  is  credited  to  the  General  Custer 
vein.  Of  the  remainder  about  one-third  was  derived  from  the  Lucky 
Boy  and  the  rest  principally  from  the  Charles  Dickens,  Golden 
Sunbeam,  Montana,  Morrison,  and  McFadden  properties. 

The  relative  importance  of  gold  and  silver  in  making  up  the  total 
production  can  only  be  roughly  approximated.  During  the  twenty- 
odd  years  that  the  camp  was  active  the  price  of  silver  varied  greatly, 
as  did  also  the  amount  of  bullion  produced  each  year.  The  latter 
factor  is  not  known,  hence  the  only  means  of  estimating  the  separate 
amounts  of  gold  and  silver  produced  is  a  survey  of  their  relative 
importance  in  the  ores  of  individual  mines.    The  General  Custer, 
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Lucky  Boy,  and  Charles  Dickens  veins  contained  about  85  ounces  of 
silver  to  1  of  gold.  These  properties  produced  three-fourths  of  the 
total  amount  derived  from  the  district.  The  Montana  and  Golden 
Sunbeam  contained  much  more  gold  than  silver,  but  their  combmed 
production  was  less  than  a  million  dollars.  In  the  other  veins  in  the 
camp  silver  exceeded  gold  in  amount.  Thus  considered,  it  is  esti- 
mated that  about  40  per  cent  of  the  total  production  of  Yankee 
Fork  district  has  been  from  gold  and  the  remainder  from  silver. 

TOPOGRAPHY. 

The  Yankee  Fork  district  is  a  high,  mountainous  area  which  varies 
in  elevation  from  6,000  to  9,500  feet.  Yankee  Fork,  a  stream  which 
flows  south-southwest  through  the  district,  occupies  the  principal 
valley.  Tributary  to  it  from  the  west  are  Cabin,  Jordan,  and  E2ight- 
mile  creeks,  and  from  the  east  a  number  of  small  streams  of  minor 
importance. 

The  dominant  feature  of  the  higher  areas  is  the  general  accordance 
of  summit  levels,  a  feature  conspicuous  from  any  point  of  vantage* 
This  is  somewhat  remarkable,  for  most  of  the  rocks  in  the  district 
are  Miocene  tuffs,  and  the  plateau  surface  of  this  part  of  Idaho  is  of 
Eocene  i^e.  The  key  to  the  explanation,  however,  is  afforded  by 
the  water-laid  tuff,  which  appears  at  elevations  of  9,000  feet  on  Estes 
Mountain  and  is  well  exposed  at  8,800  feet  along  the  road  over  Loon 
Creek  Summit.  This  tuff  clearly  bespeaks  a  Miocene  water  surface, 
which  stood  at  about  the  level  of  the  Eocene  erosion  surface,  at  least 
locally,  and  probably  over  a  considerable  area.  The  present  valleys 
of  the  district  are  in  large  part  cut  in  these  volcanic  rocks  and  hence 
are  obviously  post-Miocene  in  i^e. 

Among  the  minor  features  of  topographic  interest  is  the  valley  of 
Yankee  Fork  below  the  mouth  of  Jordan  Creek.  Above  this  point  it 
is  comparatively  narrow,  but  below  it  broad  terraces  follow  the  stream 
to  its  junction  with  Salmon  River.  These  terraces  in  many  places 
extend  back  500  or  1,000  feet  from  the  present  channel.  Locally  the 
gravels  composing  them  are  more  than  90  feet  deep,  though  usually 
their  thickness  is  less  than  25  feet. 

GEOLOGY. 
ALOOHXXAH  K00K8. 

DwtributUm. — ^Rocks  of  Algonkian  age  ^  are  eiq>osed  locally  in  the 
district.  They  outcrop  along  the  sides  of  Yankee  Fork  valley  for  a 
distance  of  about  3^  miles,  beginning  at  a  point  2  miles  below  Bonanza 
and  continuing  southward.  They  are  said  to  continue  a  short  dis- 
tance to  the  west,  but  to  the  northeast  they  open  out  into  a  broad 

1  For  age  detamilxiAtioQ  see  pp.  18-19i 
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area  along  the  eastern  border  of  the  district.  A  small  isolated  area 
of  the  same  system  of  rocks  is  exposed  in  the  bottom  of  Jordan  Creek 
vaUey  near  Sunbeam. 

OomposUion. — ^Within  this  district  the  Algonkian  system  is  repre- 
sented by  dark-gray  massive  quartzites,  mica  schists,  massive  black 
slates,  and  thin-bedded  gray  slates.  Their  sequence  was  not  deter- 
mined. Metamorphism  is  well  advanced  throughout,  slaty  cleavi^e 
and  schistosity  in  most  places  concealing  the  original  bedding  struc- 
ture. Sufficient  primary  structure  remains,  however,  to  indicate 
unmistakably  their  sedimentary  derivation. 

ULTE  OBBTAOBOirS  OK  BASLY  SOGXVB  GBAVITB. 

The  late  Cretaceous  or  early  Eocene  granite,  which  is  widely  exposed 
in  Idaho,  is  found  only  in  the  south  part  of  this  district,  where  it  forms 
the  walls  of  Salmon  Canyon  near  the  mouth  of  Yankee  Fork.  North- 
ward from  this  point  granite  outcrops  for  about  2i  miles,  but  to  the 
east,  west,  and  south  its  extent  is  much  greater.  A  description  of  the 
rock  constituting  this  area  appears  on  pages  21-22. 

TBKTXAKY  VOLOAVXO  K00K8. 

Distribution. — ^Tertiary  volcanic  rocks  are  widely  exposed  in  the 
Yankee  Fork  district,  extending  through  it  as  a  broad  belt  in  a  north- 
east-southwest direction.  Their  maximum  thickness  is  not  definitely 
known,  although  near  Sunbeam  they  are  exposed  in  uninterrupted 
succession  through  a  vertical  range  of  3,000  feet,  the  lowest  member 
resting  on  Algonkian  beds.  They  occupy  a  post-Eocene  erosion  val- 
ley, and  as  the  Sunbeam  exposure  is  near  the  center  of  this  old  valley, 
it  may  be  safely  assumed  that  the  exposure  there  presents  approxi- 
mately the  maximum  thickness. 

Composiiion. — ^In  general  the  volcanic  rocks  of  this  area  are  andes- 
ites  and  latites  below  and  andesitic  and  rhyohtic  tuffs,  with  inter- 
bedded  andesite  or  latite  flows,  above.  In  the  western  part  of.  the 
district  the  series  is  chiefly  tuff,  but  east  of  Custer  lavas,  principally 
andesites,  predo/ninate.  Northeast  from  the  Enterprise  mine 
nimierous  low  hills,  which  attain  perhaps  8,000  feet  elevation,  present 
excellent  sections  of  parts  of  the  lava  series.  These  were  not  visited, 
but  as  seen  from  a  distance  of  a  mile  or  so  eight  or  ten  distinct  flows 
of  lava,  each  10  to  25  or  30  feet  in  thickness,  were  recognized.  About 
the  Enterprise  mine  and  over  the  summit  to  the  Lucky  Boy  andedtes 
are  predominant,  but  toward  Custer,  at  an  elevation  of  1,500  feet 
lower  than  the  sunmiit,  tuffs  are  present  in  thick  beds.  Below  these 
beds  andesites  are  i^ain  exposed  in  the  valley  sides  near  Custer. 
Northwest  of  Sunbeam,  along  the  road  to  Loon  Creek,  the  Tertiary 
rocks  are  predominantly  of  different  type,  tuffs  being  very  abundant 
and,  together  with  a  few  lava  flows,  outcropping  through  a  vertical 
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range  of  possibly  2,000  feet.  In  places  the  tuffs  are  xnassiTey  bnt 
elsewhero  they  are  thin-bedded,  even  finely  laminated,  and  were 
dearly  deposited  in  standing  water.  An  exposure  of  this  variety 
forms  Loon  Creek  Summit,  but  here  siliceous  shales  are  interbedded 
with  the  tuffs.  The  west  face  of  Estea  Mountain,  as  seen  from  Loon 
Creek  Summit,  presents  the  chalky  white  slopes  typical  of  the  areas 
of  tuff. 

Petrographic  descriptions  of  these  volcanic  rocks  appear  on 
pages  2&-26. 

QVATBKVAaY  DEPOBITB. 

Evidences  of  glaciation  appear  on  all  those  parts  of  the  Yankee 
Fork  district  which  exceed  7,500  feet  in  elevation  and  in  places 
morainal  d6bris  and  U-shaped  valleys  extend  to  elevations  500  or 
1,000  feet  lower.  Jordan  Creek  valley  is  glaciated  as  far  as  Sunbeam. 
Glaciers  radiated  from  Estes  Mountain  and  left  topography  espe- 
cially typical  of  their  action  on  the  north  slope  and  down  the  valley 
of  Eightmile  Creek.  About  the  Lucky  Boy  and  Ekiterprise  mines 
also  glacial  deposits  are  widespread. 

The  thick  gravel  deposits  along  Yankee  Fork  are  thought  to  date 
from  the  period  of  general  ice  retreat  which  closed  the  Pleistocene. 
These  gravels  indicate  the  overloading  of  a  stream  which  earlier  in 
its  history  actively  eroded  its  channel,  and  it  seems  that  only  during 
the  period  of  ice  recession  were  conditions  favorable  for  this  excess 
of  material.  At  this  time  there  was  an  abundant  supply  of  runmng 
water,  and  a  proportionately  greater  supply  of  rock  rubble  was 
loosened  and  in  part  ground  up  by  the  glaciers.  As  the  ice  front 
retreated  this  material  was  continually  available  for  transportation, 
and  the  streams,  if  fully  loaded  in  their  upper  swifter  parts,  must 
necessarily  deposit  nearer  to  their  mouths,  where  the  grade  was  lower. 
This  was  the  condition  along  the  valley  of  Yankee  Fork. 

ORE   DEPOSITS. 
OSHZBAL  OSABACTBA. 

The  ore  deposits  of  the  Yankee  Fork  district  are  exclusively  gold-^ 
silver  veins  inclosed  in  volcanic  rocks  of  middle  Tertiary  age.  In 
some  of  the  deposits  gold  is  present  almost  to  the  exclusion  of  silver 
and  in  others  silver  is  greatly  in  excess.  Copper  and  lead  are  much 
more  abundant  in  these  veins  than  is  common  in  the  late  Tertiary 
deposits,  though  in  none  of  them  are  these  metals  in  sufficient  quan- 
tities to  constitute  an  ore. 

The  veins  were  worked  for  a  number  of  years  at  a  large  profit,  but 
in  general  have  not  proved  remunerative  below  a  depth  of  a  few 
hundred  feet.  The  General  Custer  vein  is  a  feature  of  especial  interest^ 
and  within  the  knowledge  of  the  writer  is  unique  in  that  erosion  had 
exposed  most  of  itB  ore  body. 
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Distrilmtum. — ^The  veins  of  the  district  may  be  considered  as  two 
parallel  systems  about  4  miles  apart.  In  each  system  fom*  or  five 
veins  are  recognized,  most  of  which  strike  in  a  general  northeast- 
southwest  direction  and  dip  westerly.  The  eastern  system  attains 
its  maximum  development  on  Custer  Moimtain,  where  it  comprises 
the  Badger,  Lucky  Boy,  Enterprise,  Summit,  and  General  Custer 
veins.  Southward  it  is  represented  on  Dickens  Hill  by  the  Charles 
Dickens,  Letha,  and  Julietta  veins,  and  southwestward  across  Jor- 
dan Creek,  by  the  Morrison,  Fairplay,  and  Passover  veins.  The 
western  system  is  best  developed  on  Estes  Mountain,  where  the 
Montana  and  McFadden  veins  are  the  most  important  representa- 
tives. Southwestward  the  deposits  at  Sunbeam  should  be  considered 
in  the  same  general  group,  although  here  much  of  the  ore  occurs  as 
disseminations  of  irregular  shape  instead  of  in  veins. 

Oharaeteristics. — ^The  veins  range  from  stringers  to  18  feet  or  more 
in  width,  averaging  perhaps  4  feet.  In  general  their  contact  with 
the  inclosing  rock  is  sharp  and  the  numerous  included  fragments  are 
angular.  Crustification  is  conspicuous  throughout ;  the  bands  broadly 
parallel  the  walls,  but  in  detail  concentric  arrangement  is  common. 
The  predominant  gangue  mineral  is  cryptocrystalline  quartz  asso- 
ciated with  which  are  small  quantities  of  chalcedony,  opal,  and  adu- 
laria.  Calcite  i9  important  in  some  of  the  deposits,  as  in  the  Lucky 
Boy,  where  it  comprises  perhaps  20  per  cent  of  the  vein.  The  calcite 
occurs  both  as  equidimensional  rhombohedrons  and  as  lamellar 
crystals,  some  of  which  have  been  replaced  by  quartz  that  retains 
perfectly  the  crystal  form  of  the  calcite. 

MetaUic  minerals  are  irregularly  distributed  through  the  quartz 
and  to  a  less  extent  through  the  calcite.  In  many  places  they  axe 
arranged  as  broken  layers  parallel  to  the  banding  of  the  gangue. 
Along  the  strike  of  the  fissures  the  metallic  minerals  are  largely  con- 
fined to  definite  sections  of  the  veins,  thus  forming  the  ore  shoots, 
which  have  proved  to  be  the  only  parts  worth  mining. 

Ore  shoots. — ^The  ore  bodies  of  the  Yankee  Fork  district  comprise 

(1)  segments  of  otherwise  comparatively  barren  quartz-calcite  veins, 

(2)  disseminations  of  stocklike  form  not  related  to  fissure  fillings,  and 

(3)  chimnej^  of  ore  apparently  independent  of  fissure  veins.  The 
most  important  deposits  belong  to  the  first  type,  which  is  illustrated 
by  all  the  deposits  except  the  (rolden  Sunbeam  and  the  Montana, 
the  former  being  a  great  stocklike  body  and  the  latter  a  chimney 
of  ore. 


THE  ORE. 


The  unaltered  ore  of  the  district  is  a  fine-grained  quartz,  locally 
accompanied  by  considerable  quantities  of  calcite  and  a  little  chal- 
cedony, opal,  and  adularia.    Scattered  irregularly  through  the  gangue, 
»8186^— Bull.  539—18 6 
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yet  conforming  roughly  to  the  crustification  which  characterizes  it,  are 
metallic  sulphides,  of  which  pyrite  is  most  abundant  and  is  pivsent 
in  all  the  deposits.  In  some  of  the  veins,  as  the  McFadden  and 
Julistta,  chalcopyrite  and  galena  are  also  present,  and  in  some  of  those 
about  Custer  enaigite,  probably  also  primary,  was  recognized.  Tetra- 
hedrite  is  not  uncommon  in  the  ores,  although  nowhere  an  abundant 
constituent.  Most  important,  however,  as  they  have  been  found  to 
inclose  the  gold  and  silver,  are  blue-Uack  sulmietaUic  bands  and 
blotches  which  are  present  in  all  the  better  grades  of  ore.  In  these 
bands  and  blotches  pyrite  and  gray  copper  uid  in  a  few  specimens 
chalcopyrite  are  recognizable,  but  the  predominant  mineral  occuib  as 
minute  blue-black  specks  too  small  to  be  identified.  Partial  chemical 
analyses  of  these  bands  show  a  definite  trace  of  sdienium,  suggesting 
tine  presence  of  some  selenide. 

The  oxidized  ore  is  very  different  in  appearance,  being  a  firm  quartz 
heavily  stained  with  iron  and  manganese  oxides  and  locally  with 
malachite.  Calcite  appears  in  the  immediate  outcrop  in  but  few 
places,  but  its  former  presence  is  indicated  by  lamellar  and  rfaom- 
bohedral  forms  of  quartz  pseudomorphic  after  it.  Kadin  of  creamy 
white  color,  unless  stained  by  iron,  is  common  along  crevices  in 
the  oxidized  ore  and  is  probably  partly  derived  from  the  adukria  of 
the  gangue  and  partly  icdfiltrated  from  the  sericite  and  feldspar  of  the 
wall  rock.  The  silver  of  the  oxidized  ore  occurs  as  cerargyrite, 
argentite,  and  wire  silver,  and  locally  is  found  in  conspicuous  quan- 
tities. Gold  is  free  but  is  generally  so  minutely  divided  that  it  is  not 
visible  to  the  unaided  eye,  although  coarse  gold  has  been  reported  from 
some  of  the  deposits,  notably  the  Morrison  vein. 

The  ores  of  the  district  have  been  mined  exclusively  for  gold  and 
silver.  In  the  western  system  of  veins  gold  is  commonly  equal  to  or 
,  in  excess  of  the  silver,  but  in  the  eastern  system  silver  greatly  pre- 
dominates. Extremes  are  possibly  recorded  in  the  General  Custer 
vein,  where  there  was  1  ounce  of  gold  to  80  or  90  ounces  of  silver,  and 
in  the  Montana  shoot,  where  only  traces  of  silver  accompanied  tbe 
gold. 

ALTSBATIOV  OF  WALL  KOOX. 

Metasomatic  alteration  of  the  wall  rock  is  a  conspicuous  feature  of 
the  Yankee  Fork  gold-silver  veins.  It  is  impossible  to  take  a  specimen 
within  50  feet  of  the  vein,  and  in  many  places  within  1 ,000  feet  or  more, 
that  is  not  intensely  silicified  or  sericitized.  The  silicification  is  moat 
intense  next  to  the  deposits  and  gradually  dies  out  with  increasing 
distance  from  them  until  at  100  feet  or  so  secondary  silica  is  scarce,  if 
present  at  aU.  Well  beyond  this  distance,  however,  sericitization  is  a 
conspicuous  feature  of  the  waU  rock.  This  relation  is  well  illustrated 
in  the  Grolden  Sunbeam  mine.  A  specimen  taken  from  the  lower 
tunnel  of  this  property  at  a  distance  of  possibly  400  feet  from  the 
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maia  ore  body  is  a  chalky-white  rhyolitic  tuff,  sparsely  specked  with 
iron  stains.  YHien  microscopically  examined  it  is  seen  to  be  made 
up  of  fragments  of  altered  quartz  and  orthodase  scattered  sparsely 
through  a  mass  of  highly  sericitized  material.  A  specimen  taken  from 
the  similar  rock  next  the  ore  body  contains  much  secondary  quartz, 
commonly  as  bunches  of  small  anhedralcrystals,  accompanied  by  pyrite 
and  a  litiJe  sericite.  The  same  relation  exists  in  two  specimens  from 
the  Oeneral  Custer  mine,  one  taken  next  the  vein  and  the  other  1,000 
feet  or  so  distant.  The  more  remote  specimen,  however,  is  also 
chloritized.  Similar  pairs  of  specimens  from  the  Lucky  Boy  and 
Charles  Dickens  properties  show  the  same  relation,  seeming  to  indi- 
cate that  in  the  deposits  of  the  district  as  a  \diole  the  wall  rock  has 
been  silicified  near  the  veins  and  sericitized  farther  away. 

▲OS  AVD  Gsnsis. 

The  nge  of  the  Yankee  Fork  deposits  is  rather  definitely  limited 
by  the  age  of  the  inclosing  rocks  on  the  one  hand  and  the  amount  of 
pr^lacial  erosion  which  has  a£Pected  them  on  the  other.  Thus  they 
are  assigned  to  the  late  Miocene.     (See  pp.  49-50.) 

Their  genesis  is  less  definite,  but,  as  discussed  on  pages  4&-^0,  sev- 
eral lines  of  evidence  lead  to  the  belief  that  they  are  genetically 
related  to  the  igneous  activity  which  earlier  found  expression  in  the 
great  accimiulation  of  tuffs  and  lavas  that  incloses  them. 

MINES  AND  PBINCIPAL  PH08PECTS. 
GXHB&AI.  OUSTSB  Mm. 

Situation  and  history, — ^The  General  Custer  mine  is  situated  on  the 
east  wall  of  Yankee  Fork  Canyon  near  the  town  of  Custer.  The 
property  comprises  several  claims  located  along  the  vein  from  a  point 
near  the  valley  flat  at  an  elevation  of  6,600  feet  up  the  rugged  moun- 
tain slope  to  an  altitude  of  8,500  feet.  The  vein  was  discovered  in  the 
late  seventies  and  was  worked  actively  most  of  the  time  from  then 
until  1905,  when  it  was  closed. 

The  total  production  of  the  mine  is  said  to  be  about  $8,000,000, 
most  of  which  was  extracted  by  a  mill  situated  at  Custer  and  con- 
nected with  the  workings  by  aerial  tram.  Prior  to  the  construction 
of  the  mill,  however,  a  considerable  amount  of  ore  was  hand  picked 
and  shipped  to  Salt  Lake,  the  returns  averaging  about  $600  per  ton. 
The  local  mill  is  equipped  with  30  stamps,  several  Wilfley  tables,  a 
roaster,  and  cyanide  tanks. 

Oeologic  relations. — ^The  wall  rock  of  the  General  Custer  vein  is  a 
bluish-gray  lava,  probably  andesite,  which  is  now  intensely  altered. 
The  phenocrysts  of  feldspar  are  completely  clianged  to  quartz,  seri- 
cite, and  calcite,  and  those  of  ferromagnesian  minerals  to  quartz, 
sericite,  and  chlorite.    A  little  sericite  also  appears  in  the  groundmass, 
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wliich  is  studded  with  small  grains  of  quartz  and  a  few  cubes  of  pyrite, 
both  apparently  secondary.  This  rock  inclosed  the  upper  500  feet  of 
the  vein,  now  exposed,  but  below  that  portion  a  formation  of  different 
composition  is  said  to  have  been  encountered.  The  latter  is  probably 
one  of  the  tuffaceous  beds  common  in  the  district.  A  specimen 
secured  at  7,300  feet  from  the  next  gulch  north  of  the  one  occupied 
by  the  General  Custer  vein,  and  which  is  probably  from  the  same  bed 
of  tuff,  ia  a  greenish-gray  rock  composed  of  fragments  of  unstriated 
feldspar  in  part  altered  to  calcite  and  sericite.  The  ferromagnesian 
constituents  are  altered  to  chlorite  and  commonly  arranged  in  beau- 
tiful spherulitic  patches.  This  rock  is  probably  a  trachytic  tuff. 
Beneath  it  andesite  crops  out  again,  as  shown  in  the  valley  walls 
near  Custer. 

The  vein. — The  General  Custer  vein  is  a  jBssure  filling  which  strikes 
N.  60^  W.  and  dips  35^  NE.  It  varies  in  width  from  a  few  inches  up 
to  12  feet  and  in  a  few  places  to  18  feet,  averaging  perhaps  6  feet. 
The  topographic  relations  of  the  vein  are  unique  in  that  erosion  has 
completely  stripped  the  hanging  wall  from  perhaps  80  per  cent  of  its 
known  extent,  so  that  the  ore  lay  as  a  great  slab  against  the  side  of  a 
narrow  gulch  tributary  to  the  main  canyon  at  Custer.  Now  that  the 
vein  has  been  worked  off,  the  footwall  resembles  a  dip  slope  pitching 
toward  the  bottom  of  the  gulch  and  clearly  records  the  structural  dis- 
turbances which  affected  the  vein  after  its  formation.  The  wall  is 
remarkably  smooth  and  regular  but  is  offset  by  several  faults  both 
along  the  strike  and  along  the  dip.  The  former  throw  the  west  side 
5  feet  to  20  feet  to  the  south  and  the  latter  present  drops  of  equal 
extent  on  the  lower  side. 

Drifts  to  the  east  from  the  margin  of  the  exposed  portion  showed 
that  the  vein  split  into  two  parts,  neither  of  which  was  sufficiently 
metalized  to  constitute  an  ore;  westward  the  vein  has  been  removed 
by  the  erosion  of  Yankee  Fork.  Down  the  pitch  of  the  ore  shoot, 
which  corresponded  closely  with  the  grade  of  the  gulch,  the  ore 
changed  on  entering  the  tuffaceous  beds,  widening  to  30  feet  and 
becoming  too  low  grade  for  profitable  extraction. 

East  of  the  General  Custer  vein,  on  the  same  property,  is  a  vein 
which  crops  out  on  the  Summit  claim  at  an  elevation  of  8,500  feet. 
It  strikes  N.  45^  W.  and  dips  80^  SE.,  thus  according  in  general  course 
with  the  other  vein.  The  opinion  held  by  some  who  are  acquainted 
with  the  deposits  that  the  lower  vein  is  a  portion  of  the  upper  which 
has  ''broken  over,''  is  not  supported  by  geologic  evidence;  both  are 
clearly  in  place. 

The  ore. — ^That  portion  of  the  vein  which  constitutes  an  ore  is 
characterized  by  dark-colored  blotches  and  bands  which  grade  into 
the  general  gangue.  The  metallic  minerals  which  give  the  dark  color 
to  these  portions  are  in  most  places  too  minute  for  identification,  but 
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locally  gray  copper,  pyrite,  and  in  a  few  specimens  chalcopyrite  can 
be  identified  in  ihem.^  The  ore  in  that  part  of  the  shoot  which  has 
been  developed  is  highly  oxidized,  and  in  many  places  is  minutely 
fractured.  Of  the  oxidation  products  which  have  formed,  iron  oxide 
alone  is  conspicuous,  but  manganese  oxide  and  malachite  occur 
locally. 

The  ore  removed  was  of  excellent  grade,  several  of  the  earlier  mill 
runs  averaging  from  $150  to  $300  to  the  ton  in  silver  and  gold.  Dur- 
ing the  later  stages  of  mining,  however,  the  tenor  fell  to  $30  and  lower. 
The  gold  was  largely  free,  and  the  sUver  occurred  as  wire  silver,  argen- 
tite,  and  cerargyrite.  The  proportion  of  the  metals  was  1  ounce  of 
gold  to  80  or  90  ounces  of  silver. 

LVOKY  BOY  Km. 

The  Lucky  Boy  property,  said  to  have  produced  about  $1,750,000, 
comprises  several  claims,  two  of  which  are  'patented.  It  is  situated 
east-southeast  of  the  General  Custer  group,  at  an  elevation  of  8,400 
feet  above  sea  level.  The  deposit  was  discovered  about  1878,  but  not 
until  the  General  Custer  ore  body  began  to  show  signs  of  exhaustion 
in  the  late  nineties  was  it  extensively  opened.  It  was  worked  actively 
from  then  until  1904,  the  ore  being  carried  by  aerial  tram  to  the  Gen- 
eral Custer  mill.  Development  consists  of  two  incline  shafts,  one  of 
which  attains  a  vertical  depth  of  900  feet,  with  drifts  at  100-foot 
intervals. 

The  rock  inclosing  the  Lucky  Boy  vein  is  a  bluish-gray  lava,  prob- 
ably andesite,  which  has  been  so  completely  altered  in  proximity  to 
the  vein  that  its  identification  is  uncertain.  Within  this  rock  sericite 
is  extensively  developed,  both  in  the  groundmass  and  after  the  feld- 
spar phenocrysts.  Chlorite  is  present  in  small  scattered  patches  and 
quartz  is  abundant  as  small  grains  and  veinlets.  Small  cubes  of 
pyrite  stud  the  altered  rock  in  many  places,  numbers  of  them  being 
inclosed  in  the  quartz  veinlets. 

The  Lucky  Boy  deposit  is  a  quartz-calcite  vein  which  averages 
about  5  feet  in  width,  though  in  places  it  narrows  to  a  stringer  and 
elsewhere  widens  to  15  or  18  feet.  It  strikes  N.  85^  E.  and  dips  64° 
NW.  At  the  time  of  the  investigation  most  of  the  workings  were 
inaccessible,  but  from  material  on  the  dmnp  it  appears  that  the 
deposit  contains  15  or  20  per  cent  calcite,  much  more  than  is  present 
in  any  other  known  vein  in  the  district.  The  calcite  occurs  both  as 
lamellar  crystals  and  as  irregular  areas;  in  many  places  it  has  been 
partially  replaced  by  quartz.  The  predominant  gangue  mineral  is 
ciyptocrystalline  quartz,  which  is  generally  arranged  in  bands  parallel 
to  the  vein  walls.     Included  in  the  gangue  are  numerous  angular 

>  For  other  minerals,  which  a  more  thoroach  study  would  prohaUy  reveal  in  this  ore,  see  the  general 
dlaooidai,  p.  47. 
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fragments  of  wall  rock  which  ar^  intensely  silicified  and  studded 
thicklj  with  minute  cubes  of  pyrite.  Chalcedony  and  opal  both 
appear  locally  in  this  deposit,  but  adularia  was  not  recc^nized. 

The  precious  metals  accompany  the  darker  bands  of  quartz.  These 
bands  owe  their  color  to  very  minute  metallic  particles,  which,  thou|^ 
rather  abundant,  it  was  not  possible  to  identify.  Associated  with 
them  are  small  cubes  of  pyrite  and  a  little  gray  copper.  The  ore  is 
said  to  have  contained  gold  and  silver  in  about  the  same  proportions 
as  that  of  the  General  Custer,  but  was  of  lower  grade. 

BADQER  HDTE. 

The  Badger  claim  adjoins  the  Lucky  Boy  property  on  the  east. 
The  mine  was  worked  intermittently  for  several  seasons,  the  ore 
being  treated  at  the  General  Custer  mill,  but  for  the  past  12  years 
the  property  has  been  idle.  The  vein  parallels  the  Lucky  Boy,  with 
which  it  corresponds  in  general  characteristics. 

BLACK  xnrz. 

This  property  joins  the  Badger  on  the  south,  but  has  not  produced 
as  much  ore.  A  20-stamp  mill  situated  on  the  property  was  operated 
intermittently  for  two  or  three  years. 

SHTBBP&X8S  OKOVP. 

The  Enterprise  group  comprises  six  impatented  claims  situated  a 
few  himdred  yards  northeast  of  the  Lucky  Boy  mine.  Development 
consists  of  a  timnel  850  feet  long  and  a  few  open  cuts.  Three  ledges 
have  been  recognized  on  this  property,  two  of  which  are  possibly 
offshoots  from  the  southern  or  largest  ledge,  which  is  known  as  the 
'^back  vein.''  This  vein  strikes  N.  75°  E.  and  dips  65°  NW.  It 
consists  of  a  brecciated  zone  25  or  30  feet  wide  which  has  been 
impregnated  and  cemented  by  vein  quartz,  in  amount  constituting 
perhaps  one-half  of  the  whole.  Metallization  is  most  intense  near 
the  hanging  wall,  where  a  cross  section  of  10  feet  gave  returns  of  $10 
to  the  ton  in  gold,  together  with  traces  of  silver.  The  gold  is  prob- 
ably contained  in  the  ill-defined  blue-black  bands  which  traverse  the 
quartz.  Li  these  bands  pyrite  is  the  only  recognizable  mineral,  and 
it  ia  not  abundant.  Laterally  or  vertically  the  lode  has  not  been 
explored  more  than  a  few  feet  from  the  tunnel. 

CKABLBB  DZCKSVB  Kim. 

The  Charles  Dickens  mine  is  situated  at  an  elevation  of  7,200  feet 
on  the  south  slope  of  Dickens  Hill,  a  bold  topographic  feature  boimded 
on  the  east  by  Yankee  Fork  and  on  the  south  by  Jordan  Creek.  The 
property  produced  about  $600,000  in  gold  and  silver  bidlion  during 
the  period  from  1888  or  1889  to  1902.  Development  consists  prin- 
cipally of  a  tunnel  and  a  winze  from  it,  the  total  depth  attained  being 
about  250  feet. 
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The  vein,  which  strikes  N.  70°  E.  and  dips  70°  to  76°  NW.,  is  a 
fissure  filling  ranging  in  width  from  2  to  6  feet.  It  is  inclosed  in  tuff 
in  its  upper  portion  and  probably  in  andesite  in  the  lower  workings. 
The  gangue  is  the  fine-grained  quartz  common  in  the  deposits  of  the 
district.  Associated  with  it,  however,  there  seems  to  be  lees  calcite 
and  more  of  the  base  metals  than  is  common  elsewhere.  Small  cubes 
of  galena,  irregular  specks  and  bunches  of  chalcopyrite,  and  small 
areas  of  gray  copper  are  common  in  the  better  grades  of  the  primary 
ore.  Gold  is  not  visible.  In  the  oxidized  ore  the  valuable  minerals 
are  free  gold,  wire  silver,  cerargyrite,  and  argentite. 

KOBJtlBOV  OKOVP. 

The  Morrison  property  is  situated  across  Jordan  Creek  west- 
southwest  from  the  Charles  Dickens.  The  property  produced  about 
$100,000  during  the  esj'ly  days  of  the  camp.  It  was  not  visited  dur- 
ing the  reconnaissance  but  is  thought  to  be  a  continuation  of  the 
Charles  Dickens,  with  which  it  corresponds  in  strike  and  dip. 

7AZBPXJLT,  PAflBOVBR.  IMTWk,  AVD  JUUaTTa  CXJJMB. 

South  of  the  Morrison  mine  are  the  Fairplay  and  Passover  claims, 
each  of  which  has  produced  $20,000  to  $25,000.  North  of  these,  across 
Jordan  Creek,  are  the  Julietta  and  Letha  claims;  the  former  has 
produced  a  few  thousand  dollars  and  the  latter  $60,000. 

OOLBXir  BUHBSAM  lOHB. 

Situaiion  and  history. — The  Golden  Sunbeam  group,  comprising 
nine  claims  and  three  fractional  claims,  is  situated  on  the  south  side 
of  Jordan  Creek,  4  miles  above  its  confluence  with  Yankee  Fork. 
The  property  was  worked  for  several  years  prior  to  1906,  but  not  imtil 
then  was  extensive  development  begun.  About  this  time  a  large 
irregular  body  of  ore  was  encoimtered,  which  encouraged  the  oper- 
ators to  construct  a  450-ton  mill  and  install  a  hydroelectric  plant  on 
Salmon  River,  10  miles  distant.  The  mill  is  arranged  for  six  Monad- 
nock  mills,  four  of  which  are  installed.  Two  of  the  mills  were  oper- 
ated for  a  time  with  indifferent  success,  and  in  Jime,  1911,  the  plant 
was  closed.  It  is  said  that  on  broad  averages  the  deposit  was  of  too 
low  grade  to  be  worked  at  a  profit.  The  property  is  said,  however, 
to  have  produced  about  $400,000  from  gold  and  silver. 

Development  consists  of  three  tunnels  and  two  intermediate  levels 
in  the  main  mine,  the  Bismarck  tunnel  a  short  distance  south  of  it, 
and  the  Matilda  to  the  north,  in  all  perhaps  8,000  feet  of  tunnel  work. 
The  maximum  depth  on  the  deposit  is  440  feet. 

Character  of  the  deposit, — The  Golden  Sunbeam  ore  bodies  comprise 
mineralized  zones  and  chimneys  of  ore  in  bedded  tuffs.  Locally,  as 
in  the  Bismarck  tunnel,  the  ore  follows  fairly  well  defined  brecciated 
zones  and  thus  resembles  the  veins  found  elsewhere  in  the-  district, 
but  in  general  there  is  little  evidence  of  fissure  filling.    The  most 
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important  ore  body,  locally  known  as  tlie  ''big  stope/'  was  an  irreg- 
ular mass  which  on  No.  2  level  was  130  feet  long  by  75  feet  wide. 
From  this  level  it  extended  upward  85  feet  and  downward  115  feet. 
Most  of  the  production  came  from  this  stope,  the  ore  running  $2  to 
$4  to  the  ton.  The  shoot  had  a  general  strike  N.  30^  E.  and  stood 
nearly  vertical. 

The  ore,  as  seen  on  the  margin  of  the  ''  big  stope,"  is  a  soft  grayish- 
yellow  rhyolitic  tuff  studded  sparsely  with  small  specks  of  iron  oxide, 
doubtless  due  to  the  alteration  of  pyrite  crystals.  In  a  few  places 
copper  stains  also  are  present.  The  tuff  is  intensely  silicified  near 
this  stope,  minute  bunches  and  scattered  grains  of  secondary  quartz 
being  abimdant.  A  specimen  taken  about  200  feet  from  the  same 
stope  is  not  silicified  but  is  extensively  sericitized. 

Bothin  the  "  big  stope  "  and  elsewhere  on  the  property  vertical  frac- 
tures are  followed  by  narrow  stringers  of  ore,  in  places  high  in  grade. 
These  stringers,  however,  are  so  small  that  as  a  rule  it  has  not  paid 
to  mine  them.  The  gold  is  pale  yellow,  owing  to  the  high  percentage 
of  silver,  in  some  specimens  more  than  one-half,  which  is  associated 
with  it.  Near  the  surface  native  silver  is  said  to  have  been  found,  and 
with  it  a  purer  grade  of  gold,  which  suggests  a  separation  of  the  two 
metals  during  oxidation. 

KOVTAVA  xm. 

The  Montana  mine  is  situated  on  the  south  slope  of  Estes  Mountain, 
a  few  himdred  feet  below  its  summit.  The  property  was  worked  many 
years  ago  and  was  reopened  in  1905  to  1907.  It  has  produced 
$337,000,  most  of  which  was  recovered  from  a  shoot  20  to  25  feet 
in  length  by  5  to  17  feet  in  width,  which  extended  to  a  depth  of  530 
feet.  In  the  upper  250  feet  the  shoot  dipped  80°  W.,  flattening 
below  to  45°.  The  inclosing  rock  is  a  fine-grained  tuff  rather  intenselv 
silicified  near  the  ore  shoot.  The  ore  differed  from  that  found  else- 
where in  the  district  in  the  small  quantity  of  silver  associated  with 
the  gold,  less  than  1  ounce  to  the  ton  being  common. 

KoFABDXH  QKOVP. 

The  McFadden  group  of  two  patented  claims  lies  on  the  northeast 
slope  of  Estes  Mountain  at  an  elevation  of  8,600  feet.  The  property 
was  located  in  1878  and  has  been  worked  at  intervals  since,  producing 
in  all  about  $200,000.  Development  consists  of  about  2,000  feet  of 
tunnels  and  a  shaft  500  feet  deep.  A  10-stamp  mill  is  situated  on 
Eightmile  Creek,  3  miles  below  the  mine. 

The  vein,  which  strikes  N.  20°  E.  and  dips  37°  NW.,  lies  between 
a  hanging  wall  of  light-gray  fine-grained  tuff  and  a  f  ootwall  of  greenish- 
gray  porphyritic  rock,  possibly  andesite.  Both  are  intensely  silici- 
fied, and  in  the  footwall  rock  zoisite  and  chlorite  are  also  abundantly 
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deyeloped.  The  vein  averages  about  3  feet  in  width  and  is  composed 
principally  of  coarse  quartz  roughly  crustified  parallel  to  the  walls  or 
concentrically  banded  about  included  fragments  of  wall  rock.  Both 
intergrown  with  the  quartz  and  included  in  it  are  a  few  crystals  of 
adularia.  The  metallic  minerals  are  distributed  erratically  through 
the  quartz  and  consist  chiefly  of  chalcopyrite,  pyrite,  tetrahedrite, 
and  galena,  decreasingly  abundant  in  the  order  named.  The  gold 
and  silver  are  associated  with  these  minerals  in  the  ratio  to  each  other 
of  about  1  to  100.  The  ore  occurs  in  two  shoots  which  are  poorly 
defined  but  range  in  length  up  to  possibly  100  feet.  In  the  upper 
workings  oxidation  is  well  advanced,  but  about  200  feet  below  primary 
minerals  predominate.  The  oxidized  ore  is  stained  with  iron  and 
copper  and  contains  seams  ai^d  small  isolated  specks  of  kaolin,  the  last 
probably  derived  from  the  alteration  of  adularia. 

OOLDXV  GATS  GROUP. 

The  Golden  Gate  group  joins  the  McFadden  on  the  north.  The 
two  mines  are  on  the  same  vein  and  as  the  geology  is  similar  in  both 
it  will  not  be  necessary  to  repeat  the  description.  One  ore  shoot  is 
recognized  in  the  1,000-foot  tunnel  which  comprises  the  development 
on  this  property.  From  it  some  ore  has  been  taken,  but  the  produo- 
tion  is  much  less  than  from  the  McFadden  mine. 

OTHER  PROPBRTXZB  OV  S8TSB  X0I7VTAJV. 

Several  ^ther  veins  are  recognized  on  Estes  Mountain,  but  they  are 
little  developed  and  have  produced  only  small  amounts  of  bullion. 

TANKEE   FORK  PLACERS. 

Placers,  said  to  have  produced  $50,000  in  gold,  were  discovered  in 
the  middle  seventies  on  Jordan  Creek,  near  its  junction  with  Yankee 
Fork.  About  the  same  time  gold  was  found  in  the  high  bars  below 
Bonanza,  but  these,  have  never  proved  profitable.  During  the  past 
few  years  the  valley  flat  along  Yankee  Fork  from  Salmon  River  to 
Jordan  Creek  and  thence  along  that  stream  for  about  2  miles  has  been 
located,  and  extensive  exploration  carried  on  by  drilling,  but  with 
what  success  is  not  known  to  the  writer. 

The  gravels  form  broad  terraces,  said  to  be  90  feet  deep  in  places 
although  averaging  possibly,  less  than  30  feet.  Little  is  popularly 
known  of  the  distribution  of  gold  in  the  gravels  except  on  Jordan 
Creek,  where  the  placers  have  been  largely  worked  out.  Here  the 
gold  was  next  to  bedrock,  and  although  commonly  fine  some  large 
nuggets  were  obtained,  one  weighing  32  ounces  being  said  to  have 
been  found  near  the  outcrop  of  the  Morrison  vein.  Several  othera 
from  the  same  vicinity  weighed  8  or  10  ounces,  and  many  exceeded  1 
ounce  in  weight. 
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LOON  OBBEK  DISTRICT. 
SITUATION. 

The  Loon  Creek  mining  district  comprises  an  unoiganized  area  of 
perhaps  75  square  miles  situated  in  the  northwestern  part  of  Custer 
County.  It  lies  immediately  west  of  Sheep  Mountain  district  and 
about  15  miles  northwest  of  Yankee  Fork  district.  Mackay,  110 
miles  southeast  of  Ivers^  the  principal  local  settlement,  is  the  most 
accessible  supply  point.  To  reach  Ivers  from  Mackay,  however,  it  is 
necessary  to  cross  two  high  summits  m  addition  to  a  S-mile  climb 
from  the  mouth  of  Canyon  Creek  to  the  settlement.  The  roads  are 
better  than  in  most  mountainous  regions,  but  owing  to  snow  on  tlie 
summits  are  impassable  for  teams  during  the  winter  months. 

MINING  CONDITIONS. 

The  Loon  Creek  district  is  a  well-timbered  and  well-watered  region 
of  bold  topographic  forms.  Owing  to  the  range  in  elevation  from 
5,000  to  9,600  feet,  the  district  experiences  a  great  variety  of  flimatifn 
conditioiis.  Snow  covers  tiie  higher  areas  to  a  dqpth  of  several  feet 
tliroughout  the  winter  months,  but  in  the  lowlands  the  weather  is 
seldom  severo. 

The  area  is  well  adapted  to  mining  operations.  The  abmpt  traiiHl- 
tions  from  lowlands  to  highlands  make  it  feasible  to  explore  most  of 
the  known  deposits  to  a  depth  of  1,000  to  2,000  feet  by  means  of  tun- 
nels. Local  smelting  is  facilitated  by  an  abundance  of  suitable  fluxes 
within  the  area.  Indeed. the  only  handicap  to  successful  and  econom- 
ical mining  is  the  expense  of  freighting  supplies,  especially  coke,  from 
the  Oregon  Short  Line  terminus  at  Mackay,  110  miles  distant.  The 
cost  of  this  haulage  is  2§  cents  a  pound  for  the  round  taip.  When 
loaded  both  ways  this  is  spilt  into  1)  cents  m  and  1  cent  out. 
The  cost  of  coke,  ther^ore,  is  the  prime  problem  in  local  smelting, 
its  average  price  laid  down  at  Ivers  being  $46  per  ton. 

The  viu*ious  expenses  charged  against  a  ton  of  ore  delivered  as 
matte  free  on  bocurd  at  Mackay  aggregate  $20  to  $22.  It  is  tfak 
high  cost  which  retards  mimng  activity  in  the  Loon  Creek  and  adjoin^ 
ing  districts;  the  need  of  the  region  is  railroad  transportation.  Only 
ore  running  $70  to  $90  a  ton  has  been  smelted,  but  for  every  ton  of 
tbiB  grade  which  has  been  developed  there  are  estimated  to  be  2^ 
tons  which  will  average  $25. 

HISTOBY  AND  PBODUOTION. 

Placers  which  produced  a  large  amount  of  gold  were  wodnd 
actively  on  Loon  Creek  during  the  decade  closing  with  1879.  Most 
of  the  production,  however,  dates  from  the  first  half  of  this  period, 
the  excitement  gradually  dying  out  until  only  30  or  40  Chinese 
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reicainedy  who  were  massacred  in  the  winter  of  1879  by  a  band  of 
men  supposed  at  that  time  to  be  Indians  but  now  commonly  be- 
lieved to  have  been  whites.  Since  that  time  comparatively  little 
mining  has  been  done  on  the  creek,  although  all  the  promising  ground 
is  now  held  as  placer  claims. 

The  principal  lode  mine  in  the  district  at  present  is  the  Lost 
Packer,  located  by  Clarence  E.  Eddie  in  July,  1902.  Soon  there- 
after it  was  purchased  by  Ivers  &  Finlan,  of  Salt  Lake,  who  insti- 
tuted development  in  the  spring  of  1904.  A  100-ton  smelter  (Fl.  IX) 
was  completed  in  1905,  and  although  it  has  been  necessary  to  haul 
coke  110  miles  consistent  development  has  been  carried  on  with  the 
returns  from  three  short  smelter  runs — one  in  1907,  one  in  1908,  and 
another  in  1911. 

Numerous  other  properties  have  been  located  in  the  district,  but 
they  are  little  developed  and  most  of  them  have  changed  hands  several 
times,  successive  holders  becoming  discouraged  oecause  of  the 
difficulties  of  transportation. 

The  total  production  of  Loon  Creek  district  is  variously  estimated 
from  $1,000,000  to  $2,500,000,  $500,000  of  which  is  credited  to  the 
Lost  Packer  lode  and  the  remainder  to  the  gold  placers  during  the 
decade  of  their  activity  which  closed  with  1879.  In  recent  years 
the  placers  have  produced  a  small  amount,  the  recovery  each  year 
being  sufficient  to  pay  assessment  costs.  The  lode  production 
includes  both  gold  and  coppcir,  about  $150,000  having  been  derived 
from  the  latter.  A  good  grade  of  lead-silver  ore  occurs  in  the  dis- 
trict, but  little  or  none  has  been  marketed. 

GEOLOGY. 

Physiography. — The  Loon  Creek  district  is  a  high  mountainous 
region  ranging  in  elevation  from  5,000  to  more  than  9,500  feet. 
Loon  Creek,  a  rapid  stream,  averaging  perhaps  30  feet  in  width, 
flows  north  through  the  area.  Its  more  important  tributaries  are 
Mayfield  and  Cottonwood  creeks  from  the  east  and  Trail  Canyon 
and  Orouse  creeks  from  the  west.  The  area  is  a  part  of  the  broad 
region  known  as  the  Salmon  River  Mountains  and  preserves  on  its 
highest  pu-ts  the  Eocena  erosion  surface  from  which  those  moun- 
tains were  carved.  This  feature  constitutes  the  most  valuable 
geologic  datum  plane  in  the  area.  The  topography  and  geology  of 
a  part  of  the  district  are  shown  on  Plate  X. 

Sedimentary  rocks. — ^The  oldest  rocks  in  the  area  are  mica  schists 
and  quartzites  of  Algonkian  age.  They  outcrop  over  tm  irregular 
area  of  about  2  square  miles  in  the  central  part  of  the  district.  In 
most  directions  they  are  cut  off  by  quartz  diorite  which  invaded 
the  region  in  late  Chretaceous  or  early  Eocene  time,  but  northward 
they  disappear  beneath  a  capping  of  ^juartz  latite.    These  anoimt 
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sediments  are  intensely  metamorphosed,  a  strong  schistosity,  which 
strikes  west  of  north  and  dips  southwest,  obliterating  the  bedding 
structure  in  most  exposures. 

Beds  of  Paleozoic  age  overlie  the  Algonkian  deposits  and  are 
separated  from  them  by  a  marked  structural  unconformity.  These 
beds  are  confined  to  the  south-central  portion  of  the  district.  They 
are  steeply  inclined  to  the  east,  south,  or  southeast,  the  direction 
varying  from  place  to  place.  Within  them  schistosity  occurs  only 
along  special  zones  of  shearing;  thus  they  are  readily  distinguishable 
from  the  underlying  Algonkian,  from  which  they  differ  also  in 
composition. 

The  Paleozoic  beds  consist  of  fine-grained  quartzites  and  massive 
blue  dolomitic  limestones,  neither  of  which  yielded  fossils  on  a 
cursory  examination.  Nevertheless  the  lithologic  similarity  of  the 
beds  to  those  at  OHmore,  Liemhi  County,  suggests  that  the  quartzite 
is  of  Cambrian  age  and  that  the  massive  blue  dolomitic  Iknestone 
is  Ordovician.  This  assignment  is  apparently  refuted  by  the  juxtar- 
position  of  the  Algonkian  schist  with  the  dolomitic  limestone  near 
Lost  Eagle  mine,  but  it  is  thought  that  this  contact  records  faulting, 
although,  owing  to  a  thick  mantle  of  soil,  the  relation  was  not 
determined  with  certainty.  The  thicknesses  of  the  quartzite  and 
dolomite  were  not  deterioadned.  Higher  horizons  of  the  Paleozoic 
probably  outcrop  in  the  extreme  south-central  part  of  the  district, 
but  this  area  was  not  visited. 

Igneous  rocks. — ^Igneous  rocks  of  diversified  types  and  widely 
different  ages  are  present  in  the  district.  The  oldest  and  most 
important  of  these  rocks  is  a  great  batholith  of  quartz  diorite  which 
extends  into  the  area  from  the  west  and  again  crops  out  along  its 
eastern  border.  It  is  a  dark-gray  rock,  composed  of  oligodase, 
quartz,  conspicuous  amoimts  of  biotite,  and  subordinate  horn- 
blende. Orthoclase,  titanite,  and  apatite  are  accessory.  This 
batholith  is  thought  to  be  a  phase  of  the  great  granitic  magma 
which  invaded  central  Idaho  in  late  Cretaceous  or  early  Eocene 
time  and  which  now  crops  out  over  a  continuous  area  more  than 
20,000  square  miles  in  extent. 

Soon  after  the  quartz  diorite  invasion  came  the  intrusion  of  numer- 
ous medium-grained  granite  dikes,  peculiar  because  of  their  small 
content  of  f erromagnesian  minerals.  These  dikes  are  from  2  or  3  to 
more  than  30  feet  in  width;  yet  the  texture  in  all  is  about  the  same. 
In  general  they  follow  the  schistosity  of  the  Algonkian  rocks,  but 
locally  they  cut  across  it. 

Subsequent  to  the  intrusion  of  the  granite  dikes  there  entered 
dikes  and  sills  of  granite  porphyry  and  diorite  porphyry.  These 
dikes  are  excellently  exposed  in  the  Lost  Packer  mine,  where  they 
traverse  the  ore  body  in  several  places  (fig.  4,  p.  95) .  On  No.  3  level 
they  intersect,  but  in  this  place  the  fine  grain  and  extreme]^  altered 
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condition  of  the  specimens  collected  from  the  older  dike  make  it  im- 
possible to  classify  it  definitely.  The  younger  dike  also  is  altered,  but 
numerous  quartz  phenocrysts  indicate  that  it  is  a  granite  porphyry. 
Near  the  portal  of  No.  6  tunnel  the  diorite  porphyry  presents  a  mar- 
ginal facies  similar  in  appearance  to  the  older  dike  in  No.  3  tunnel, 
and  this  is  thought  to  further  indicate  that  the  granite  porphyry  is 
the  younger  intrusion.  In  the  laiger  dikes  a  phenocrystic  develop- 
ment of  quartz  characterizes  the  granite  porphyry,  but  this  is  lackiog 
in  the  narrower  dikes.  The  age  of  these  intrusions  is  not  definitely 
known,  although  they  are  thought  to  antedate  the  Eocene  erosion 
surface. 

Quartz  latite  flows,  still  younger  than  the  granite  and  diorite 
porphyries,  cap  the  summit  above  the  Lost  Packer  mine.  They  rest 
on  an  uneven  erosion  surface  of  post-Eocene  age,  but  further  thsfea  this 
the  period  of  their  extravasation  is  not  fixed.  They  are  gray  in  color 
and  made  up  of  phenocrysts  of  oligoclase,  quartz,  and  biotite  set  in  a 
fine^ained  groundmass,  which  constitutes  over  one-half  of  the  rock 
and  which  from  partial  chemical  analysis  is  known  to  contain  con- 
siderable potash.     (See  p.  26.) 

Qlacidl  deposits. — ^During  the  Pleistocene  epoch  glacial  ice  covered 
those  parts  of  the  area  above  8,000  or  8,500  feet  and  sent  tongues 
down  the  laiger  valleys  to  points  about  7,000  feet  above  the  sea, 
locally  perhaps  to  6,500  or  even  6,000  feet.  Evidence  of  such  glacia- 
tion  is  presented  by  all  the  larger  valleys.  At  their  heads  are  invari- 
ably steepHsided  cirques,  many  of  them  occupied  by  small  lakes. 
Below  these  cirques  the  canyons  are  broad  and  U-shaped  for  a  dis- 
tance, with  morainic  material  along  their  sides  and  bottom,  but 
finally  they  become  narrow  and  V-shaped.  This  transition  in  most 
places  marks  the  lower  limit  of  glaciation. 

ORE  DEPOsrrs. 


The  Loon  Creek  district  comprises  an  area  noteworthy  at  present 
because  of  its  gold  deposits,  including  lodes  in  which  chalcopyrite, 
quartz,  and  siderite  carry  the  gold,  and  placers  along  the  streams  in 
favorable  places  below  them.  In  addition  to  the  gold-bearing  lodes, 
lead-silver  deposits  are  found  in  the  district.  These  lead-silver  depos^ 
its  have  been  iaadequately  prospected,  but  the  ore  is  of  excellent 
grade,  being  in  many  places  clean  galena  that  carries  from  60  to  100 
ounces  of  silver  to  the  ton. 

Iron  and  lime  fluxes  are  abundant  along  the  contact  between  the 
Paleozoic  dolomitic  limestone  and  the  quartz  diorite  south  of  Ivers. 
They  are  especially  valuable  as  they  contain  about  60  cents  in  gold 
and  1  ounce  in  silver  to  the  ton — almost  sufficient  to  pay  for  handling 
thenu 
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OOLD  TULOMB,  DBPOBZTS. 

The  Loon  Creek  Hydraulic  Placer  Co.  owns  six  claims,  in  all  470 
acres,  which  extend  from  a  point  near  the  mouth  of  Canyon  Creek  to 
the  Loon  Creek  Narrows,  4^  miles  north.  Their  average  width  is 
approximately  1,000  feet.  A  strip  about  75  feet  wide  and  1  mile 
long,  comprising  the  upper  part  of  the  central  channel,  was  worked 
during  the  sixties  and  is  variously  estimated  to  have  produced  from 
$500,000  to  $2,000,000,  an  occasional  pan  having  yielded  as  much  as 
$300.  These  gravels  were  2  to  6  feet  thick,  but  back  of  them  are 
gravel  terraces  which  were  not  explored  during  the  early  days.  The 
present  owners  prospected  these  terraces  during  two  seasons  and 
obtained  an  average  yield  of  25  cents  a  cubic  yard.  A  flume  capable 
of  delivering  80  second-feet  of  water  to  any  part  of  the  ground  is 
partly  completed,  and  wiQ  probably  be  in  operation  in  a  short  time. 
Heretofore  water  has  been  derived  from  two  small  streams — Qrouse 
Creek  and  White  Creek — ^but  the  present  plans  include  the  diversion 
of  Loon  Creek  at  a  point  weU  above  the  placer  grounds. 

The  auriferous  gravels  rest  on  a  floor  of  schist,  which  as  now  exposed 
presents  a  comparatively  even  surface.  The  inclosing  gravels  are 
usually  less  than  6  inches  in  diameter,  although  in  places  at  various 
distances  from  the  base  of  the  deposits  bowlders  as  much  as  3  feet  and 
a  few  up  to  6  feet  in  diameter  are  encountered.  As  the  gravels  are 
loosely  cemented  they  fall  apart  readily  when  undermined  by  the 
hydraulic  giant.  The  beds  are  in  few  places  more  than  15  or  20  feet 
thick,  although  locally  they  attain  a  depth  of  30  to  40  feet.  The  gold 
is  near  bedrock  and  in  joints  and  shallow  depressions  in  it.  As  a  rule 
the  gold  is  coarse,  nuggets  weighing  more  than  an  ounce  being  not 
uncommon,  and  perhaps  50  per  cent  of  the  product  averages  25  cents 
or  more  to  the  color.    The  market  value  is  $18  an  ounce. 

OOLD-OOFPS&  nSPOSITB. 
THE  LOOT  PACKER  YBTtf. 

Situaiian  wnd  development. — ^The  Lost  Packer  vein,  the  principal 
lode  deposit  in  the  Loon  Creek  district,  crops  out  here  and  there  along 
a  course  extending  north  from  the  town  of  Ivors.  It  follows  roughly 
a  steep,  narrow  gulch,  which  within  4,000  feet  attains  an  elevation 
2,000  feet  greater  than  that  at  Ivors.  The  development  comprises 
eight  tunnels  which  ent^  aloi^  the  strike  of  the  vein,  the  lowest,  or 
No.  10,  attaining  a  depth  of  1 ,000  feet  below  the  quartz  latite  flow  that 
caps  the  vein  at  an  elevation  of  8,700  feet.  The  levels  are  numbered 
from  No.  1,  driven  100  feet  below  the  apex  of  the  vein,  to  No.  10,  the 
lowest,  and  all  except  Nos.  5  and  9  connect  directly  with  the  surface. 
(See  fig.  4.) 

General  character  of  the  vein. — The  fissure  followed  by  the  I^st  Packer 
vein  strikes  N.  5®  E.  and  dips  75°  NW.    It  has  been  traced  from 
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Canyon  Creek,  at  Ivers,  north  about  3,000  feet  to  the  dacite  cap  above 
the  mine.  South  of  Canyon  Creek  it  has  not  been  delSnitely  recog- 
nized, although  a  few  small  prospects  have  been  opened  on  its  general 
course.  Northward,  where  the  fissure  has  been  explored  by  tunnels 
throughout  about  2,000  feet  of  its  extent,  it  presents  well-defined 
walls,  which  commonly  stand  3  to  5  feet  apart,  with  gouge,  sheeted 
wall  rock,  and  ore  between  them.  The  walls  present  numerous  slick- 
ensides,  but  distinct  grooves  having  even  an  approximately  uniform 
direction  were  not  noted.  Within  the  gouge  also  there  is  abundant 
evidence  of  shearing  and  gliding  of  contiguous  parts,  all  bespeaking 
important  movements  along  the  vein  fissure.  Most  of  the  movement, 
however,  antedates  the  ore  and  determined  the  channels  along  which 
the  ore-bearing  solutions  entered.  Evidence  of  extensive  displace- 
ment along  this  plane  is  apparently  lacking;  the  dislocation  probably 
did  not  exceed  a  few  score  of  feet  at  most. 

The  fissure  traverses  the  schists  and  granite  dikes  but  is  itself 
crossed  by  the  granite  porphyry  and  diorite  porphyry.  In  general 
it  cuts  the  structure  planes  of  the  schists,  which  commonly  strike  a 
little  west  of  north  at  a  low  angle. 

The  vein  material  follows  the  fissure  closely,  although  in  a  few 
places  as  far  as  20  feet  from  it  small  lenses  of  chalcopyrite  occur  in  the 
schist.  Within  the  fissure  the  ore  is  distinct  from  the  gouge  and 
sheeted  schist  and  usually  comprises  a  single  band,  either  next  the 
hanging  wall  or  footwall,  more  often  next  to  the  latter.  The  ore 
varies  in  width  from  a  narrow  stringer  to  4  or  5  feet,  averaging  perhaps 
20  inches.  Along  the  strike  of  the  fissure  mineralization  is  so  localized 
that  three  distinct  shoots  of  ore  are  recognized.  Where  not  vertical 
each  shoot  pitches  south  at  a  high  angle.  The  shoots  are  connected 
on  most  levels  by  narrow  bands  of  ore. 

Even  though  ore  and  gouge  are  commonly  present  in  the  same  cross 
section,  it  seems  that  where  the  walls  are  farthest  apart  the  ore  is 
widest.  This  relation  suggests  that  the  shoots  are  determined  by  a 
relative  movement  of  the  fissure  walls  sufficient  to  bring  reverse  curves 
opposite  each  other;  a  suggestion  further  supported  by  the  parallel 
arrangement  of  the  shoots. 

The  ore. — ^The  ore  consists  of  auriferous  chalcopyrite  in  a  siderite- 
quartz  gai^ue,  the  relative  importance  of  the  three  minerals  vaiying 
markedly  from  place  to  place  in  the  same  shoot  and  especially  in  the 
different  shoots.  Thus  in  the  south  shoot  siderite  predominates  and 
in  the  two  others  quartz  is  most  important.  The  relative  amount 
of  chalcopyrite  is  greatest  in  the  middle  shoot,  where  it  represents 
about  one-third  of  the  total  vein  material.  The  Lost  Packer  ores  are 
exceptional  in  the  amount  of  gold  associated  with  the  chalcopyrite; 
assays  of  this  mineral  usually  show  2^  to  3  ounces  of  gold  to  the  ton. 
Equally  important  with  the  chalcopyrite  as  a  carrier  of  gold  is  the 
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quartz,  especially  that  of  the  middle  shoot,  but  the  siderite  as  a  rule 
does  not  contain  more  than  half  an  ounce  of  gold  to  the  ton.  In  both 
the  chalcopyrite  and  the  quartz  sjjiyer  runs  about  2^  ounces  to  the 
ounce  of  gold.  The  total  production  of  the  property,  about  one-half 
million  dollars,  has  been  derived  from  ore  averaging  between  $80  and 
$90  to  the  ton.  However,  for  every  ton  of  this  grade  which  has  been 
encountered  in  the  mine  there  is  estimated  to  be  2^  tons  which  aver- 
age $25. 

Mineralogically  the  ore  is  comparatively  simple;  chalcopyrite, 
siderite,  and  quartz  only  are  common.  A  little  calcite  is  present. 
Pyrite  is  exceedingly  rare,  occurring  as  small  grains  and  cubes, 
usually  included  in  the  chalcopyrite.  Pyrrhotite  has  a  similar  dis^ 
tribution  but  is  even  less  abundant.  Jennings  ^  reports  barite  as  a 
primary  constituent,  but  careful  search  during  the  present  studies 
failed  to  reveal  this  mineral.  The  oxidation  products  are  principally 
iron  oxides  and  the  carbonates  of  copper.  Immediately  beneath  the 
surface  films  of  bomite  and  native  copper  are  locally  present,  but 
here  also  the  chief  alteration  products  are  malachite,  a  little  azurite, 
and  much  limonite  and  hematite. 

Ore  shoots, — The  three  ore  shoots  recognized  in  the  Lost  Packer 
vein  present  important  differences  in  constitution  and  form  and  hence 
will  be  discussed  separately.  Each  stands  vertical  or  pitches  south 
at  a  high  angle. 

The  north  shoot  is  reached  only  by  No.  4  and  No.  3  tunnels.  On 
the  former  level  it  is  120  and  on  the  latter  250  feet  in  length,  the  aver- 
age width  on  each  being  about  2  feet.  The  ore  consists  of  coarse-tex- 
tured milky  to  bluish-white  quartz  with  chalcopyrite  and  a  little 
pyrite  irregularly  scattered  through  it,  the  chalcopyrite  frequently 
inclosing  small  cubes  and  grains  of  the  pyrite.  On  No.  3  level  siderite 
is  rare,  but  on  the  next  level  below  it  is  equally  abundant  with  chal- 
copyrite and  has  a  similarly  irregular  distribution.  This  ore  body 
is  comparatively  lean,  roughly  sorted  material  running  about  $20 
to  the  ton — one-half  ounce  of  gold,  2  ounces  of  silver,  and  3^  per  cent 
of  copper. 

The  middle  shoot  is  by  far  the  most  important  in  the  mine.  It  lies 
200  feet  south  of  the  north  shoot  and  is  developed  from  the  seventh 
level  to  the  quartz  latite  cap  700  feet  above.  The  southern  lintiit  of  the 
ore  is  a  fairly  regular  line,  but  the  north  boundary  is  not  parallel  to  it. 
Thus  the  shoot  is  about  500  feet  long  on  No.  2  level,  narrowing  both 
above  and  below,  its  average  length  being  about  300  feet.  Locally 
the  shoot  appears  at  the  surface  as  a  honeycombed  quartz  heavily 
stained  by  iron  together  with  a  little  manganese  oxide  and  copper 
carbonate,  but  in  most  places  it  has  little  or  no  surface  expression. 

1  JennlngB,  E.  P.,  The  Lost  Packer  copper-gold  lode  [Idaho]:  Jour.  Canadian  Min.  Ixut,  vol.  9, 1906|  p.  50. 
98185^— Bull.  539—13 7 
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The  ore  ranges  in  width  from  a  few  inches  to  4  or  5  feet,  averaging 
about  20  inches,  and  wedges  out  on  the  ends  of  the  shoot.  This 
wedging  out  of  the  shoot  seems  to  bear  a  definite  relation  to  the  tenor 
of  the  ore,  for  it  has  been  commonly  found  that  as  the  ore  body  nar- 
rows its  assay  value  diminishes.  Thus  the  ends  of  stopes  temporarily 
abandoned  are  generally  in  ore  running  about  $25  to  the  ton,  whereas 
the  portion  removed  averaged  between  $70  and  $90  to  the  ton.  On 
No.  4  level  the  shoot  is  shorter  than  elsewhere  in  the  mine  and  here 
also  it  contains  a  minimum  amount  of  gold  to  the  ton.  Ore  from 
levels  both  above  and  below  contained  2  to  3  oimces  to  the  ton,  but 
here  less  than  1  oimce  was  present. 

The  ore  consists  essentially  of  chalcopyrite  distributed  as  bunches, 
small  patches,  irregular  grains,  and  interstitial  fillings  in  a  gangue  of 
coarse  white  quartz.  The  chalcopyrite  constitutes  about  one-third 
of  the  total  material  mined.  Siderite  is  present  in  small  quantities, 
but  is  nowhere  an  important  constituent.  The  chalcopyrite  and 
quartz  each  carries  about  3  ounces  in  gold  to  the  ton,  but  less  than 
half  an  ounce  is  present  in  the  siderite. 

The  south  shoot  of  ore  differs  markedly  from  the  other  two  in  its 
high  content  of  siderite.  It  lies  500  feet  south  of  the  middle  shoot, 
and  is  developed  from  No.  10  level  to  its  outcrop  near  the  portal  of 
No.  6  tunnel.  This  ore  body  ranges  in  length  from  75  to  150  feet[ ; 
and  is  about  20  inches  wide.  It  consists  of  siderite  and  chalcopjrrite 
intergrown  with  coarsely  crystallized  quartz  in  such  proportions  that 
the  ore  runs  26  per  cent  of  iron  and  4^  per  cent  of  copper.  Oold  and 
silver  averaging  half  an  ounce  and  3  ounces  respectively  arepresent. 
This  ore  body  is  a  valuable  asset  to  the  mine  because  it  combines  a 
fair  amount  of  the  precious  metals  and  copper  with  an  excess  of  iron, 
an  element  which  must  be  added  in  the  smelting  of  ores  from  the  other 
shoots. 

Considerable  ore  was  blocked  out  in  the  mine  at  the  time  of  visit, 
and  this  was  materially  increased  during  the  last  year.  Returns  from 
the  last  smelter  run  were  used  to  extend  No.  7  tunnel  beneath  the 
north  shoot  and  No.  10  tunnel  beneath  the  middle  shoot  (fig.  4,  p.  95). 

UNDEVELOPED  VEINS. 

A  description  of  the  Lost  Packer  vein  constitutes  essentially  a 
description  of  the  known  gold-copper  deposits  of  the  district.  Other 
veins  are  recognized,  but  they  are  tittle  developed  and  have  produced 
only  returns  from  test  samples.  Among  these,  the  Effa  ledge,  which 
outcrops  a  few  hundred  feet  west  of  the  Lost  Packer  vein,  is  promising. 
The  Sunset  and  South  Packer  groups  also  present  some  encourage- 
ment to  the  operators,  although  the  small  amount  of  development  on 
them  has  not  revealed  commercial  deposits. 
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8ILVEB-LSAD  DEPOSITS. 

Silver-lead  deposits  have  been  found  near  the  dolomite  area  south 
of  Ivers.  The  Lost  Eagle  claim  and  the  Metcalf  group  are  the 
principal  properties,  but  neither  is  sufficiently  developed  to  afford 
a  satisfactory  idea  of  the  nature  or  extent  of  this  ore  body.  Their 
occurrence,  however,  is  thought  to  be  of  special  significance,  and 
therefore  they  will  be  described  briefly.  The  Lost  Eagle  claim  is 
situated  on  the  divide  between  Canyon  and  Deer  Creek  cirques,  at 
an  elevation  of  8^00  feet  above  sea.  It  is  inclosed  in  Algonkian 
schist,  though  removed  but  a  few  hundred  feet  from  an  area  of 
Paleozoic  dolomitic  limestones.  Development  consists  of  a  shaft 
50  feet  deep  and  a  short  drift  from  it.  The  vein,  which  strikes 
N.  5°  W.  and  dips  85*^  SW.,  is  about  6  feet  wide  and  bordered  by 
weU-defined  walls.  Between  them  is  crushed  wall  rock  with  bands 
and  interstitial  areas  of  argentiferous  galena,  pyrite,  and  a  little 
chalcopyrite  in  a  quartz-siderite  gangue.     (See  PI.  VIII,  A,  p.  44.) 

The  Metcalf  property,  situated  about  1,000  feet  northeast  of  the 
Lost  Eagle  shaft,  contains  an  irregular  vein  partly  developed  for 
about  100  feet  along  its  outcrop.  The  deposit  is  a  fissure  filling 
inclosed  in  granite  near  its  contact  with  Paleozoic  dolomitic  lime- 
stone. The  ore  consists  of  argentiferous  galena,  which  fills  the 
fissure  almost  exclusively  and  ranges  in  width  from  a  narrow  stringer 
inmost  places  to  3]^  feet  m  other  places.  The  galena  contains  about 
1  ounce  of  silver  to  the  unit  of  lead. 

In  each  of  the  deposits  just  described  the  amount  of  ore  actually 
found  is  not  of  so  much  significance  as  its  geologic  occurrence.  Both 
deposits  as  now  known  are  inclosed  in  rocks  which  are  not  nearly  as 
favorable  to  the  deposition  of  lead  ore  as  is  limestone,  even  when 
impure;  hence,  in  the  opinion  of  the  writer,  the  area  of  dolomitic 
limestone  adjacent  to  these  deposits  should  be  encouraging  territory 
for  the  prospector.  In  the  few  places  where  time  permitted  an 
examination  of  the  limestone  area  it  was  found  to  be  rather  intensely 
mineralized,  as  illustrated  by  the  three  iron  mines  which  supply 
flux  to  the  Ivors  smelter,  each  of  which  is  in  a  deposit  of  pyrite, 
now  oxidized,  which  has  replaced  the  dolomitic  limestone. 

AGE  AVD  QEFEBIS. 

The  Loon  Creek  deposits  crop  out  at  elevations  ranging  from 
7,200  to  more  than  9,000  feet;  the  greatest  elevation  is  essentially 
that  of  the  present  Eocene  erosion  surface.  As  the  mineralogy  of 
the  deposits  clearly  indicates  deposition  at  great  depth,  a  depth 
probably  exceeding  3,000  or  4,000  feet  for  the  Lost  Packer  vein, 
where  pyrrhotite  occurs,  it  is  evident  that  the  veins  were  formed 
before  the  close  of  the  Eocene  epoch.     On  the  other  hand,  the 
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Metcalf  deposit  is  inclosed  in  granite  and  the  Lost  Packer  cuts  across 
granite  dikes;  thus  the  deposits  are  postgranitic.  If  the  granite 
caused  or  accompanied  the  elcTation  which  resulted  in  the  Eocene 
erosion  surface,  as  brought  out  in  another  paper,^  it  follows  that  the 
age  of  these  ore  deposits  is  limited  to  the  late  Cretaceous  or  early 
Elocene. 

The  genesis  of  the  deposits  is  not  susceptible  of  as  satisfactory 
analysis.  From  broad  considerations  discussed  on  page  45,  it  is 
concluded  that  these  deposits  are  genetically  related  to  the  quartz 
diorite  intrusion.  Just  what  part  that  intrusion  played,  howcTer, 
is  not  clear.  It  is  certain  that  two  distinct  types  of  ores  were 
deposited,  namely,  gold-copper  ores  and  silver-lead  ores.  Both 
occupy  fissures,  but  the  former  are  in  schist  and  the  latter  not  far 
removed  from  thick  beds  of  dolomitic  limestone,  thus  suggesting 
the  possibility  that  the  beds  traversed  by  the  solutions  exercised 
some  control  on  the  nature  of  the  deposits.  But  to  accept  this 
view  it  seems  necessary  to  suppose  that  the  metals  either  were 
derived  in  large  part  from  the  stratified  rocks  or  that  the  different 
rocks  precipitated  different  metals  from  the  same  magmatic  solutions. 
The  latter  view  seems  more  tenable,  as  if  the  intrusion  served  only  to 
stimulate  meteoric  circulation,  ore  deposits  should  occur  in  connec- 
tion with  the  later  intrusions  also.  It  is  thought,  therefore,  that  the 
Loon  Creek  ore  deposits  owe  their  origin  to  solutions  given  off  from 
the  quartz  diorite  magma  during  the  later  stages  of  its  consolidation. 

A  study  of  the  sequence  in  which  the  minerals  were  formed  brings 
out  some  interesting  facts  in  the  deposition  of  the  ores.  In  both  the 
gold-copper  and  the  silver-lead  deposits  siderite  was  the  earliest 
mineral  to  form,  followed  by  chalcopyrite  and  quartz  in  the  former, 
and  galena  and  quartz  in  the  latter.  Chalcopyrite,  galena,  and 
quartz  replace  the  siderite,  as  shown  by  their  protuberances  and 
the  thin  films  of  them  which  follow  fractures  and  cleavage  planes 
in  the  siderite.  This  seems  to  indicate  that  in  their  early  stages 
the  solutions  were  highly  charged  with  carbon  dioxide,  and  that 
later  the  copper  and  lead-bearing  compounds,  possibly  chlorides  of 
these  metals  plus  hydrogen  sulphide,  became  of  paramount  impor- 
tance in  the  solutions. 

^  Umpleby,  J.  B.,  An  old  erosioD  surface  In  eastern  Idaho;  its  age  and  value  in  time  determinAtieDK 
Jour.  Geology,  voL  20, 1912,  pp.  139-147. 
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